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Governor  of  Tennessee 
Nashville,  TN  37219 


Dear  Governor  Alexander: 

Furnished  herewith  Is  the  Phase  I  Investigation  Report  on  8th  Avenue  Res¬ 
ervoir  in  Nashville,  Tennessee.  The  report  was  prepared  under  the  authority 
and  provisions  of  PL  92-367,  the  National  Dam  Inspection  Act,  dated  8  August 
1972. 

The  report  presents  details  of  the  field  inspection,  background  information, 
technical  analyses,  findings,  and  recommendations  for  improving  the  condition 
of  the  structure. 

Based  upon  the  inspection  and  subsequent  evaluation,  8th  Avenue  Reservoir 
is  classified  as  deficient  due  to  minor  seepage  through  the  walls  of  the  dry 
well  of  the  gate  house  and  minor  deterioration  of  the  exterior  walls. 

The  recommendation  concerning  project  modifications  to  control  the  seepage 
through  the  dry  well  and  others  contained  in  this  report  should  be  undertaken 
in  the  near  future. 

Public  release  of  the  report  and  initiation  of  public  statements  fall  within 
your  prerogative.  However,  under  provisions  of  the  Freedom  of  Information 
Act,  the  Corps  of  Engineers  is  required  to  respond  fully  to  inquiries  on 
information  contained  in  the  report  and  to  make  it  accessible  for  review  on 
request. 

Your  assistance  in  keeping  me  informed  of  any  further  developments  will  be 
appreciated. 
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ABSTRACT 

The  8th  Avenue  Reservoir  is  a  stone  masonry  structure,  constructed  in 
1889  to  be  used  as  a  water  supply  for  Nashville.  It  is  elliptical  in 
shape  with  the  minor  and  major  axes  being  463  and  603  feet  respectively. 
A  dividing  wall  located  along  the  minor  axis  divides  the  reservoir  into 
two  basins,  each  having  a  capacity  of  approximately  25  million  gallons. 
The  walls  of  the  reservoir  are  of  the  gravity  type  with  a  top  width  of 
9  feet,  base  width  of  almost  23  feet,  and  a  height  of  34  feet.  A 
reinforced  concrete  ring,  8  feet  in  height,  surrounds  nearly  all  of 
the  reservoir.  Anchored  in  sound  rock  and  extending  through  the  reser¬ 
voir  wall  to  the  concrete  ring  are  226  tendons. 

A  gate  house  located  on  the  north  side  of  the  top  of  the  reservoir, 
houses  the  two  36  inch  diameter  influent  and  effluent  pipes  that 
control  the  water  level  of  the  reservoir,  which  is  normally  about  3 
feet  below  the  top  of  the  reservoir  wall.  The  outflow  pipes  for  the 
two  21  inch  diameter  drains  of  the  two  basins  are  also  located  in  the 
gate  house.  Also  located  on  the  north  side  of  the  structure  are  the 
access  stairs  and  elevator  for  the  gate  house  and  the  chlorine  storage 
room. 

8th  Avenue  Reservoir  is  in  the  high  hazard  and  small  size  classification 
and  according  to  OCE  guidelines  must  pass  the  %  to  full  PMF.  Because 
the  only  inflow  would  be  the  rainfall  itself,  the  reservoir* with  its 
three  feet  of  freeboard,  would  be  able  to  contain  the  full  PMP  of  29.3 
Inches . 

The  reservoir  appeared  to  be  in  good  condition  and  structurally  stable. 
No  significant  seepage,  wet  areas,  sinkholes  or  cracks  were  found  on 
or  near  the  reservoir.  Seepage  was  occuring  in  the  dry  well  of  the 
gate  house  and  calcium  carbonate  deposits  were  observed  on  the  exterior 
stone  of  the  reservoir  wall;  however,  neither  were  considered  serious 
at  this  time. 

The  structure  is  given  a  condition  classification  of  "deficient" 
because  of  the  seepage  in  the  gate  house  well  and  the  minor  concrete 
spalling  on  the  walkway  of  the  reservoir. 


1.1  Authority:  The  phase  I  inspection  of  this  dam  was  conducted  under 
the  authority  of  Tennessee  Code  Annotated,  Section  70-2501  to 
70-2530,  "The  Safe  Dams  Act  of  1973",  in  cooperation  with  the  U.S. 
Army  Corps  of  Engineers  under  the  authority  of  Public  Law  92-367, 

"The  National  Dam  Inspection  Act". 

1.2  Purpose  and  Scope:  This  report  is  prepared  under  guidance  contained 
in  the  Department  of  the  Army,  Office  of  the  Chief  of  Engineers, 
"Recommended  Guidelines  for  Safety  Inspection  of  Dams" ,  for  a  Phase  I 
investigation.  The  purpose  of  the  Phase  I  investigation  is  to 
identify  expeditiously  those  dams  which  may  pose  hazard  to  human 
life  or  property.  The  assessment  of  the  general  condition  of  the  dam 
is  based  upon  available  data  and  visual  inspections.  Detailed 
analyses  involving  topographic  mapping,  subsurface  investigation, 
testing,  and  detailed  computational  evaluations  are  beyond  the  scope 
of  Phase  1  investigations.  However,  the  investigation  is  intended  to 
Identify  the  need  for  any  such  study. 

In  the  review  of  this  report,  it  should  be  realized  that  the  reported 
conditions  of  the  dam  are  based  on  observations  of  field  conditions 
at  the  time  of  inspection  along  with  data  available  to  the  inspection 
team.  Additional  data  or  data  furnished  containing  incorrect  infor¬ 
mation  could  alter  the  findings  of  this  report. 

The  analyses  and  the  recommendations  included  in  this  report  are 
related  to  the  hazard  classifications  of  the  structure  at  the  time 
of  this  report.  Changes  in  conditions  downstream  of  the  dam  may 
change  the  hazard  classification  of  the  structure.  A  change  in  hazard 
classification  may  in  turn  change  the  design  flood  on  idiich  the 
hydraulic  and  hydrologic  analyses  are  based  and  may  have  a  significant 
impact  on  assessment  of  the  safety  of  the  structure. 

It  is  important  to  note  that  the  condition  of  the  dam  depends  on 
numerous  and  constantly  changing  internal  and  external  conditions,  and 
is  evolutionary  in  nature.  It  would  be  incorrect  to  assume  that  the 
present  condition  of  the  dam  will  continue  to  represent  the  condition 
of  the  dam  at  some  point  in  the  future.  Only  through  continued  care 
and  inspection  can  there  be  any  chance  that  unsafe  conditions  will  be 
detected. 

1.3  Past  Inspections:  There  have  been  no  past  inspections  of  the 
8th  Avenue  Reservoir. 

1.4  Details  of  Inspection:  The  Phase  I  inspection  was  conducted  on 
June  29  1981.  The  weather  was  clear  and  warm  (85°F).  The  reservoir 
was  at  normal  pool,  elevation  676.5  Inspection  team  members  were: 


Nashville  Corps  of  Engineers 


Paul  Bluhio 
Tom  Porter 
Tom  Allen 
Gordon  McClellan 
Randy  Bush 
Wayne  Swartz 


Civil  Engineer  -  Inspection  Coordinator 

Hydraulic  Engineer 

Hydraulic  Engineer 

Structural  Engineer 

Soils  Engineer 

Geologist 


Tennessee  Department  of  Conservation 


Bill  Culbert 


Water  Resources  Engineer 


Metropolitan  Government  -  Department  of  Water  and  Sewerage  Services 

Gene  Johnson 

Fred  Clinard 

SECTION  2  -  PROJECT  DESCRIPTION 

2.1  Location:  The  8th  Avenue  Reservoir  is  located  in  the  city  of 
Nashville,  Tennessee,  about  1%  miles  south  of  the  center  of  the  city. 
It  is  bounded  by  8th  Avenue  on  the  east,  Argyle  Ave,  on  the  south, 
10th  Ave.  on  the  west,  and  Vernon  Ave.  on  the  north.  The  reservoir  is 
shown  on  the  U.S.  Geological  Survey  7.5  minute  Nashville  West 
Quadrangle  Map  at  latitude  36°  08’  18"N  and  longitude  86°  46'  54"  W. 
Location  maps  are  provided  in  Appendix  B  of  this  report. 

2.2  History  of  the  Project:  The  8th  Avenue  Reservoir  was  constructed  in 
1889  for  the  purpose  of  suppling  water  for  the  city  of  Nashville. 

It  is  a  masonry  structure,  oval  in  shape  with  a  wall  in  the  middle 
dividing  it  into  the  east  and  west  basins.  Although  a  massive  structure, 
it  was  evident  that  the  design  or  construction  may  have  been  poor  as 
the  structure  leaked  considerably  from  the  time  it  was  built.  The 
leakage  increased  until  November  5,  1912  when  a  200  foot  segment  of 
the  east  basin  wall  failed,  flooding  the  area  below.  Considerable 
damage  was  done,  but  fortunately  no  lives  were  lost.  It  is  assumed 
that  the  cause  of  failure  was  foundation  failure  or  slippage  which 
caused  the  wall  to  move  laterally  outward.  Following  the  failure, 
six  test  pits  were  excavated  around  the  base  of  the  west  wall  to 
examine  the  foundation  for  "leakage  and  weak  places".  One  weak  spot 
was  found  and  replaced  with  concrete.  The  wall  was  then  rebuilt  in 
1914  along  with  the  installation  of  a  perimeter  french  drain  system 
located  adjacent  to  and  inside  the  east  basin  wall.  In  addition,  the 
interior  walls  of  the  basins  were  shotcreted  and  the  floors  treated 
with  asphalt  and  overlaid  with  concrete. 

The  reservoir  did  not  have  any  further  problems  until  1920  when  a 
horizontal  crack  was  detected  on  the  interior  wall  of  the  east  basin. 
This  crack  was  in  a  section  that  was  adjacent  to  the  section  that 
failed  in  1912  and  was  located  about  26  feet  below  the  top  of  the 


wall  and  extending  120  feet  to  north  from  the  east  end  of  the 
major  axis.  Because  of  this  crack,  exploratory  holes  were 
drilled  and  test  pits  excavated  to  obtain  information  about  the 
foundation.  As  a  result  of  this  exploration,  portions  of  the  east 
basin  wall  were  underpinned.  In  addition,  the  interior  walls  of 
both  basins  were  scaled  and  shotcreted  again  and  a  new  concrete  floor 
was  laid  over  the  old. 

There  were  no  major  problems  with  the  reservoir  following  the 

1920  work  until  Hay  1975  when  seepage  was  observed  on  the 

northwest  wall  of  the  west  basin.  Hie  seepage  was  near  the  base 

of  the  structure  and  was  greater  than  had  previously  been 

observed.  Because  of  this  seepage,  an  extensive  subsurface  investigative 

program  was  begun  which  included  48  cored  holes  at  various  locations 

around  the  base  of  the  reservoir.  In  addition,  14  inclinometers,  20 

extensometers  and  7  piezometers  were  installed  to  monitor  horizontal 

movements  and  static  water  levels.  Four  test  pits  were  also 

excavated  on  the  northwest  side  of  the  structure  to  gain  additional 

information. 

Based  on  the  information  obtained  from  this  exploratory  program,  it 
was  determined  that  the  subsurface  was  inadequate  to  provide  a 
sufficient  factor  of  safety  against  sliding.  To  solve  this  problem, 
a  reinforced  concrete  ring  wall,  8  feet  in  height;  was  constructed 
around  most  of  the  base  of  the  reservoir.  Tendons  anchored  in  sound  rock 
were  Installed  through  this  ringwall.  This  ring  surrounded  all  of  the 
reservoir  with  the  exception  of  the  1914  rebuilt  section  and  the 
area  north  of  the  major  axis  that  was  underpinned  in  1920. 

No  remedial  work  was  done  in  these  areas.  At  this  same  time,  the 
covers  of  the  reservoir  were  converted  to  liners  and  new  covers 
were  installed.  In  addition  to  installing  the  tendons  in  1977,  a 
guard  room,  chlorine  cylinder  storage  room,  stairs  and  elevator  were 
constructed  on  the  north  side  of  the  structure. 

No  additional  work  has  been  performed  on  the  reservoir  since  1977 
and  there  have  not  been  any  additional  problems. 

2.3  Size  and  Hazard  Classification:  According  to  OCE  guidelines,  the  struct¬ 
ure  is  in  the  small  size  category  with  a  height  of  34  feet  and  a 
storage  capacity  of  153  acre  -  feet.  The  structure  is  classified 
in  the  high  hazard  potenlal  category  because  of  the  apartment 
complexes  present  on  the  north  and  west  sides  of  the  structure, 
a  park  on  the  south  side  and  a  major  city  thoroughfare  on  the  east 
side.  Should  the  structure  fall  at  any  point  around  its  circum¬ 
ference,  substantial  damage  and  loss  of  life  would  occur. 
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2.4  Description  of  Structure  and  Appurtenances 

2.4.1  Geology :  Nashville  is  located  in  the  Central  Basin  of 

Tennessee  which  is  a  gentle,  sloping,  lowland.  This  Basin  is 
situated  on  the  Nashville  Dome,  a  structural  arch  with  the 
apex  centered  near  Murfreesboro,  Tennessee,  and  the  strata 
dipping  away  from  the  center  in  all  directions.  Jointing  is 
generally  a  conspicuous  structural  feature  of  the  near  horizon¬ 
tal  to  gently  folded  bedrock.  Small  minor  faults  do  occur 
within  this  area,  but  it  is  a  stable  area  with  respect  to 
earthquakes.  Nashville  is  located  on  the  west  flank  of  the 
structural  dome  with  the  Ordovician  age  bedrock  having  a 
gentle  dip  to  the  northwest.  The  inclinations  of  the  beds  are 
variable  and  locally  reversed  by  numerous  small  warps  usually 
accompanied  by  more  intense  jointing.  The  area  also  contains 
a  number  of  relatively  small,  generally  normal  faults.  Both 
the  joints  and  faults  become  passageways  for  water  movement 
and  possible  dissolution  of  the  limestone. 

The  area  in  irtiich  the  reservoir  is  founded  is  underlain  by 
shaly  limestones  of  the  Ordovician  age  Catheys  Formation.  The 
upper  portion  of  this  rock  has  been  weathered  to  varying 
depths  dependent  on  the  factors  involved,  i.e.,  proximity  of 
faulting,  purity  of  limestone  and  availability  of  water.  This 
bedrock  weathering  extends  about  10  feet  down  although  in  some 
places  it's  as  much  as  20  to  25  feet.  Three  gravity  type 
faults  are  present  under  the  reservoir  but  they  are  considered 
inactive.  Most  of  the  reservoir  was  founded  on  the  weathered 
bedrock  with  the  exception  of  the  work  performed  in  1914  and 
1920.  In  these  sections,  it  appears  that  the  structure  was 
refounded  or  underpinned  in  sound  bedrock. 

2.4.2  Reservoir;  The  reservoir  is  elliptical  in  shape,  with  the 
minor  and  major  axes  being  463  and  603  feet,  respectively. 

The  reservoir  is  divided  into  two  basins,  the  east  and  west 
basins,  by  a  wall  located  along  the  minor  axis.  A  weir  26.5 
feet  in  width,  connects  the  two  basins.  The  reservoir  walls 
are  33.7  feet  in  height  and  are  of  the  gravity  type  with  a  top 
width  of  9  feet  and  a  bottom  width  of  22.75  feet.  A  four  foot 
high  brick  parapet  wall  is  present  on  the  outer  edge  of  the 
top  of  the  wall  while  an  iron  and  aluminum  railing  provides 
protection  on  the  inner  edge  and  on  both  sides  of  the  dividing 
wall.  The  outer  faces  of  the  wall  were  constructed  of  cut 
masonry  stone  with  the  Interior  filled  with  a  stone  rubble. 
Concrete  was  then  added  to  fill  the  voids  of  the  rubble.  Two 
hundred  feet  of  the  east  basin  wall  has  been  replaced  and  80 
feet  was  underpinned  following  the  1912  failure  and  1920  work 
respectively.  An  8-foot  high,  3-foot  thick  reinforced 
concrete  ringwall  surrounds  the  entire  base  of  the  reservoir, 
with  the  exception  of  the  section  replaced  in  1914  and  the 
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area  north  of  the  major  axis  underpinned  in  1920.  Inserted  at 
a  45-degree  angle  through  the  ringwalL  are  226  steel  tendons, 
which  have  a  spacing  of  between  5  and  7.5  feet.  The  depth  of 
the  tendon  anchors,  which  are  designed  for  a  load  of  160  kips, 
range  from  28  to  75  feet.  The  water  surface  of  the  reservoir 
is  covered  with  a  vinyl  cover,  the  second  one  to  be  used.  The 
original  cover  was  converted  to  a  liner  in  an  attempt  to 
waterproof  the  interior.  Two  pumps,  one  for  each  basin,  are 
located  on  top  of  the  cover  to  remove  any  accumulated  rain 
water.  The  water  elevation  of  the  east  basin  is  normally  kept 
about  3  feet  below  the  top  of  the  walkway. 

2.4.3  Gate  House,  Elevator,  Storage  Building  and  Pump  House:  On  the 
north  side  of  the  structure,  located  between  the  two  basins  on 
the  dividing  wall  is  the  gate  house.  It  is  a  structure  55.7 
feet  in  length,  27.3  feet  in  width  and  constructed  of  brick. 

It  houses  the  various  inflow  and  outflow  pipes,  valves  and 
drains  for  the  reservoir.  Access  to  the  gate  house  is  by 
either  stairs  or  elevator  located  on  the  north  side  of  the 
structure.  Both  the  stairs  and  elevator  were  constructed 
along  with  the  chlorine  cylinder  storage  room  and  guard  room 
in  1977.  This  addition  was  22.7  feet  in  width,  41.3  feet  in 
length,  constructed  of  brick  and  keyed  into  the  reservoir 
wall.  Located  across  the  access  road,  north  of  the  reservoir 
is  the  Love  Circle  pump  station.  Water  from  the  west  basin  is 
pumped  by  this  station  to  various  points  of  distribution. 
Dimensions  of  this  building  are  16.5’xl9'. 

2.4.4  Inlet  and  Outlet  Works:  The  gate  house  is  divided  into  three 
wells  -  the  influent,  effluent  and  gate  or  dry  wells.  Water 
from  the  main  pumping  station  located  on  Omohundro  Drive, 
Nashville,  fills  the  cast  basin  of  the  reservoir  through  a 
36-inch  diameter  pipe  located  in  the  influent  well.  The  water 
level  in  the  east  basin  is  then  regulated  by  this  main  pumping 
station.  The  water  level  in  the  west  basin  is  controlled  by  a 
weir  located  in  the  dividing  wall.  Water  is  distributed  from 
the  west  basin  through  the  effluent  well  where  a  36-inch 
diameter  pipe  is  located. 

2.4.5  Draw  Down  Facilities:  A  21-inch  drain  is  located  in  each 
basin  to  empty  the  reservoir  should  the  need  occur.  The 
21-inch  pipes  from  the  drains  meet  a  20-inch  pipe  which  emp¬ 
ties  into  the  city  sewer  system.  In  addition,  12-inch  drains 
are  located  in  the  gate,  influent,  and  effluent  wells,  to 
either  empty  them  to  remove  any  seepage  that  has  accumulated. 
Drainage  of  the  reservoir  could  be  accomplished  in  about  one 
day. 
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2.4.6  Instrumentation:  To  monitor  horizontal  movements  In  the  foun¬ 
dation  and  surrounding  area,  20  extensometers  and  10  inclino¬ 
meters  were  installed  In  1977.  The  extensometers  are  anchored 
In  sound  rock  and  extend  through  the  reservoir  wall  exiting 
just  above  the  concrete  ringwall.  Readout  of  the  exten¬ 
someters  can  be  made  manually  where  they  exit  from  the  reser¬ 
voir  wall  or  electronically  in  the  storage  room  where  a  master 
console  for  all  of  the  extensometers  is  located.  The  inclino¬ 
meters  are  located  about  10  feet  from  the  reservoir  wall  at 
various  points  around  the  structure.  The  depths  of  these 
instruments  range  from  20  to  40  feet.  The  last  readings  made 
on  these  instruments  was  in  February  1980  and  they  are 
currently  not  being  read.  Data  from  these  instruments  and 
monuments  indicated  no  movement. 

In  addition  to  these  instruments,  34  movement  plugs  were  set 
in  the  top  of  the  reservoir  wall.  A  Tennessee  Highway 
Department  brass  marker  is  set  in  the  walkway  on  the  east  side 
of  the  reservoir.  From  this  marker,  the  elevations  of  the  34 
plugs  set  in  the  walkway  at  regular  intervals  can  be  deter¬ 
mined.  Surveys  were  conducted  to  determine  if  any  movement  of 
the  wall  is  occurring.  The  last  survey  was  made  in  February 
1980  and  no  additional  surveys  are  currently  being  made. 

There  are  no  piezometers  present  on  the  reservoir  grounds. 

Core  holes  that  were  used  to  determine  water  levels  have  been 
filled  in. 

2.4.7  Surrounding  Area:  A  IV  on  3H  earth  berm  that  extends  from  the 
reservoir  wall  to  the  paved  access  road,  surrounds  the  struc¬ 
ture  covering  the  concrete  ring  wall.  This  berm  covers  about 
8  feet  of  the  reservoir  wall  leaving  about  25  feet  visible  for 
inspection.  The  paved  access  road  is  approximately  20  feet  in 
width  and  encircles  the  structure.  The  area  immediately  out¬ 
side  of  the  reservoir  is  relatively  flat,  but  then  slopes  down 
rather  steeply.  Apartment  complexes  are  located  below  the 
structure  on  the  west  and  north  sides,  a  park  to  the  south  and 
a  major  city  thoroughfare  borders  the  reservoir  on  the  east 
side. 

2.4.8  Security  and  Monitoring:  A  guard  is  present  at  all  times  for 
security  and  monitoring  purposes.  This  guard  visually 
inspects  the  exterior  periodically  and  prevents  unauthorized 
personnel  from  entering  the  structure.  In  addition  to  the 
guard  inspecting  the  reservoir,  personnel  from  the  main  water 
treatment  plant  also  inspect  the  exterior  of  the  reservoir 
periodically. 
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SECTION  3  -  FINDINGS 


3. 1  Visual  Findings 

3.1.1  Reservoir  -  Interior:  The  top  and  Interior  of  the  reservoir 
appeared  to  be  In  good  condition  with  the  exceptions  of  some 
minor  spalling  of  the  concrete  which  occurred  on  the  walkway 
on  the  north  side  of  the  structure.  The  vinyl  reservoir  cover 
was  also  in  good  condition. 

3.1.2  Gate  House  Stairs,  and  Storage  Room:  The  gate  house  is  clean 
and  well  maintained.  The  interior  walls  of  the  gate  well  had 
considerable  seepage  (1  to  2  gpm)  and  calcium  carbonate  depo¬ 
sits  had  formed  on  the  walls.  A  drain  in  the  bottom  was  suf¬ 
ficient  to  remove  this  seepage.  The  pipe  and  valves  appeared 
to  be  in  good  condition  although  no  valves  were  operated 
during  the  inspection.  The  stairs,  elevator  and  chlorine 
storage  room,  all  which  were  constructed  in  1977  were  in  good 
condition.  The  pump  station,  located  north  of  the  reservoir 
was  also  found  to  be  in  good  condition. 

3.1.3  Reservoir  -  Exterior:  The  exterior  walls  were  inspected 
closely  and  some  signs  of  deterioration  of  the  masonry 
stone  was  apparent  although  it  was  not  considered  serious. 

A  small  amount  of  seepage  was  observed  emerging  from  the 
east  basin  wall  (in  the  section  that  was  replaced  in  1914). 

This  seepage  was  unmeasurable  and  not  considered  serious. 

Calcium  carbonate  deposits  were  also  observed  on  this  sec¬ 
tion  of  the  wall  and  at  other  points  around  the  reservoir. 

These  deposits  indicate  that  seepage  may  have  been 
occurring,  but  again  it  was  not  considered  serious. 

There  were  no  signs  of  seepage,  sinkholes,  piping  or  other  signs 
of  distress  around  the  foundation  or  in  the  area  immediately 
surrounding  the  reservoir. 

The  extensometers  and  inclinometers  were  in  good  condition  with 
the  exception  of  five  inclinometers  which  were  missing  caps. 


3.2  Review  of  Data:  Information  available  for  review  included  an  engi¬ 
neering  report  on  the  stability  of  the  8th  Avenue  Reservoir  prepared 
by  the  Chester  Engineers,  design  plans  and  specifications  for  the 
Installation  of  the  tendons  and  construction  of  the  concrete  ringwall 
storage  rooms,  elevator  and  stairs,  and  various  correspondences  be¬ 
tween  Geologic  Associates  and  Metropolitan  Government.  As  concluded 
from  Chester  Engineer's  report  and  from  the  available  data,  the  reser¬ 
voir  is  founded  on  "bedrock  overlain  with  clay  seams."  It  is  also 
concluded  that  prior  to  the  installation  of  the  concrete  ringwall  and 
tendons,  the  foundation  was  in  a  marginal  state  of  stability. 
Installation  of  the  tendons  and  ringwall  has  Increased  the  design 
margin  of  safety  to  1.5.  Data  from  the  instrumentation  and  raonumen- 
tation  installed  indicated  that  no  movement  of  the  foundation  occurred 
following  completion  of  the  tendons  and  ringwall. 


3. 3  Static  and  Seismic  Stability:  The  actual  margin  of  safety  for  static 
stability  has  been  determined  based  on  the  data  obtained  from  the 
exploration  programs  and  design  computations.  The  margin  of  safety  of 
the  structure  in  its  present  condition  is  determined  to  be  1.5.  An 
assessment  of  the  structural  stability  based  on  visual  evidence  and 
engineering  judgement  also  indicate  a  stable  structure.  The  project  is 
located  in  Seismic  Zone  I  and  according  to  OCE  guidelines,  should  not 
be  expected  to  be  threatened  by  seismic  effects  provided  static 
conditions  are  satisfied. 

3.4  Hydraulic  and  Hydrologic  Analysis:  According  to  OCE  guidelines,  the 
design  flood  for  a  small  size  dam  in  a  high  hazard  area  is  the  1/2  to 
full  Probable  Maximum  Flood  (PMF).  The  Probable  Maximum  Precipitation 
(PMP)  for  this  area  is  29.3  inches  in  six  hours.  There  is  no  runoff 
other  then  the  rainfall  that  accumulates  on  top  of  the  cover.  Because 
there  is  a  difference  of  3  feet  between  the  walkway  and  cover,  the 
reservoir  would  not  overtop  during  the  full  PMP. 

3.5  Conclusions  and  Recommendations: 


3.5.1  Conclusions : 

a.  On  the  basis  of  the  available  data,  design  calculations, 
visual  evidence  and  engineering  judgement,  the  reservoir  is 
considered  to  be  structurally  stable.  The  small  amount  of 
seepage  and  calcium  carbonate  deposits  observed  on  the 
exterior  wall  are  not  considered  serious.  However,  the 
interior  walls  of  the  gate  well,  of  the  gate  house,  did 
have  a  significant  amount  of  seepage  emerging  and  deposits 
forming. 

b.  The  exterior  walls  show  signs  of  deterioration  which  is 
attributed  to  the  poor  weathering  resistance  of  the  shaly 
limestone  used  in  the  reservoir's  construction. 

c.  The  pipes  and  valves  that  controlled  the  water  level  in  the 
reservoir  appeared  to  be  good  condition  although  none  of 
the  valves  were  operated. 

d.  The  spalling  on  the  concrete  walkway  is  not  serious. 

e.  The  instrumentation  is  well  protected  except  for  the  five 
inclinometers  that  are  lacking  caps. 

f.  The  reservoir  will  not  be  overtopped  by  the  full  Probable 
Maximum  Flood  as  required  by  OCE  guidelines  for  structures 
of  small  size  and  high  hazard  potential. 

g.  The  project  is  situated  in  Seismic  Zone  1,  indicating  that 
risk  of  damage  from  seismic  activity  is  only  minor. 
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h.  The  reservoir  is  well  protected  from  vandalism,  as  a  guard 
is  posted  to  protect  the  grounds. 

i.  The  reservoir  is  considered  ’’deficient"  due  to  seepage  in 
the  gate  well,  concrete  spalling  of  the  walkway  and 
deterioration  of  the  exterior  walls. 

3.5.2  Recommendations ;  The  owner  should: 

a.  Repaf *  the  areas  of  the  walkway  that  have  been  spalling. 

b.  Waterproof  the  interior  walls  of  both  basins  near  the  gate 
house  to  prevent  the  occurrence  of  seepage  in  the  gate 
well. 

c.  Provide  caps  for  all  inclinometers. 

d.  Establish  a  program  where  the  Instrumentation  and  monumen- 
tation  are  read  on  a  periodic  basis  and  a  record  of  the 
data  be  made  readily  available  for  review  by  a  qualified 
engineer  should  a  serious  condition  occur. 

e.  Develop  an  emergency  action  plan  to  alert  downstream 
residents  in  the  event  a  major  problem  develops  with  the 
reservoir. 

f.  Continue  its  periodic  inspections  of  the  exterior  wall  by 
both  the  guard  and  personnel  from  the  sewage  treatment 
plant. 

g.  Evaluate  the  structural  stability  and  integrity  of  the 
reservoir  wall  including  the  effects  of  the  ring  wall  and 
tendons  on  the  structure,  if  it  was  not  previously  eva¬ 
luated  in  1975-76. 

h.  Establish  a  system  to  monitor  the  wall  seepage  and 
deterioration. 
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SECTION  4  REVIEW  BOARD  FINDINGS 


The  Interagency  Review  Board  for  the  National 
Program  of  Inspection  of  Non-Federal  Dams  met  in 
Nashville  on  3  September  1981  to  examine  the  technical 
data  contained  in  the  Phase  I  investigation  report 
for  8th  Avenue  Reservoir.  The  Review  Board  considered 
the  information  and  agreed  with  the  report  conclusions  and 
recommendations.  A  copy  of  the  letter  report  presented 
by  the  Review  Board  is  included  in  Appendix  G. 


APPENDIX  A 


DATA  SUMMARY 


APPENDIX  A 
DATA  SIMMARY  SHEET 
8TH  AVENUE  RESERVOIR 
DAVIDSON  COUNTY,  TENNESSEE 


A.l  Reservoir 

A. 1.1  Type:  The  reservoir  is  elliptical  in  shape  and  divided  into  two 
basins  by  a  dividing  wall.  The  walls  are  of  the  gravity  type 
with  the  exterior  faces  of  the  wall  constructed  of  cut  masonry 
stone.  The  interior  walls  are  filled  with  stone  rubble  and 
concrete. 

A. 1.2  Dimensions.  Elevations  and  Storage  Capacity:  Elevations  are 

expressed  in  feet  and  are  referenced  to  the  top  of  the  reservoir 
which  was  assumed  to  be  67S.5. 

A.  Major  axis  1*%.\CW  (interior,  at  top  of  wall):  615.54  feet 

b.  Minor  axis  length  (interior,  at  top  of  wall):  475.52  feet 

c.  Perimeter  length  (on  top  of  reservoir):  1765  feet 

d.  Height  (from  top  of  ground  to  top  of  wall):  24  feet 
(Ground  elevation  is  about  8-9. feet  above  base  of  wall) 

e.  Ground  slope  at  base  of  reservoir:  IV:  3.1H 

f.  Weir  elevation:  676.5  feet 

g.  Normal  Pool:  676.5  ±  feet  (east  basin) 

675-665  +  feet  (west  basin  varies  according 
to  demand) 

h.  Storage  capacity:  153  acre  -  feet 

i.  PMP  29.3  inches  in  6  hours 

j.  %PMP  14.6  Inches  in  6  hours 

k.  100  year  storm  4. 8  inches  in  6  hours 

l.  Sice  classification:  Small 

A. 1.3  CAtoffs,  Grout  Curtains,  and  Liners:  There  are  no  known  cut¬ 
offs  or  grout  curtains  Installed  other  than  the  concrete  that 
was  placed  in  a  few  of  the  test  pits  that  were  excavated  in 
1920.  In  an  effort  to  waterproof  the  reservoir,  the  interior 
walls  were  gunited  in  1914  and  1921  and  the  floors  were  treated 


with  asphalt  and  covered  with  concrete.  In  1977  the  vinyl  covers 
that  protected  the  water  surface  of  the  reservoir  were  converted 
to  liners  in  an  effort  to  waterproAf  the  structure. 


A.  1.4  Instrumentation  and  Monumentation:  During  the  exploration  program 
10  inclinometers  and  24  extensometers  were  installed  to  monitor 
movements  of  the  foundation.  In  addition,  water  levels  in  some 
of  the  cored  drill  holes  were  also  monitored.  Data  obtained  from 
the  inclinometers  did  not  show  any  significant  amounts  of  move¬ 
ment.  The  greatest  amount  did  approach  .5  inches,  however  most 
fell  in  the  range  of  .01  to  .02  inches  which  is  within  the  error 
range  of  the  instrument.  The  extensometers  also  did  not  show  any 
appreaciable  amount  of  movement.  The  monumentation  that  was 
installed  consisted  of  34  plugs  set  in  the  walkway  on  top  of 
the  reservoir.  A  Tennessee  Highway  Department  brass  marker  is  set 
in  the  walkway  on  the  east  side  of  the  structure  and  all  elevations 
of  the  plugs  are  referenced  to  it.  Periodic  surveys  were  made  to 
detect  any  movement  of  the  reservoir  wall.  Ho  movement  occurred. 

Presently,  these  instruments  and  monuments  are  not  monitored. 

A. 1.5  Operation  and  Maintenance:  The  structure  and  surrounding  area  is 
maintained  by  the  Department  of  Water  and  Sewerage  Services  of 
Metropolitan  Government  of  Nashville.  The  water  level  of  the 
reservoir  is  maintained  by  the  main  water  treatment  plant  located 
on  Omohundro  Drive  in  Nashville,  Tennessee. 

A. 2  INLET  AND  OUTLET  STRUCTURES 

A. 2.1  Inlet  Pipe:  The  reservoir  is  filled  by  a  36-inch  diameter  pipe 
controlled  by  the  main  water  treatment  plant  on  Omohundro  Drive. 

A. 2. 2  Outlet  Pipe:  Water  is  distributed  from  the  east  basin  of  the 

reservoir  by  a  36  inch  diameter  pipe  controlled  by  the  Love  Circle 
Reservoir. 

A. 2. 3  Drawdown  Pacilities:  The  reservoir  can  be  emptied  through  two, 21 
inch  drains,  one  located  in  each  basin.  The  valves  to  control 
these  pipes  are  located  in  the  gate  house. 

A. 3  ADDITIONAL  STRUCTURES 


A. 3.1  Gate  House:  The  gate  house  is  located  on  the  north  side  of  the 

reservoir.  Three  wells,  influent,  effluent  and  gate,  are  located 
in  the  gate  house.  The  three  wells  house  the  various  pipes  and 
valves  that  regulate  the  water  levels  in  the  reservoir.  The 
dimensions  of  the  gate  house  are  27.3  by  55.7  feet. 

A. 3. 2  Elevators.  Stairs,  and  Storage  room:  Access  to  the  gate  house  is 


by  either  'an  elevator  or  set  of  stairs  located  on  the  north  side 
of  the  structure.  The  elevator  and  stairs  are  part  of  the 
storage  room  constructed  in  1977.  Dimensions  of  this  building 
are  41.3  by  2S.6  feet. 

A. 3. 3  Power  Station:  Located  just  to  the  north  of  the  reservoir  is 
the  building  which  houses  the  pumps  which  distribute  the  water. 
The  dimensions  of  this  building  are  16.5  x  19  feet. 

A. 4  HISTORICAL  DATA 


A. 4.1  Original  Construction  Date:  1889 

A. 4. 1.1  Failure  and  Reconstruction  of  East  Basin  Wall:  1912  to 
1914 

A. 4. 1.2  Underpinning  of  East  Basin  Wall:  1921 
A. 4. 1.3  Ringwall  and  Tendon  Installation:  1977 

A. 4. 2  Designer:  Original  Structure  -  Unknown 

1912  Reconstruction  -  Rudloph  Hering 

1920  Underpinning  -  Chester  Engineers 

1977  Tendon  Installation  -  Chester  Engineers  and 

Geologic  Associates 

A. 4. 3  Builder:  Original  Structure  -  Whits! tt  and  Adams 
1912  Reconstruction  -  Unknown 
1920  Underpinning  -  Unknown 

1977  Tendon  Installation  -  Hardaway  Construction  Co. 

A. 4. 4  Owner:  Metropolitan  Government  of  Nashville  and  Davidson  County 
A. 4. 5  Previous  Inspections:  None 
A. 4. 6  Seismic  Zone:  1 
A. 5  DOWNSTREAM  HAZARD  DATA 

A. 5.1  Downstream  Haaard  Classification:  High 

A. 5. 2  Persons  in  Likely  Flood  Path:  Will  vary  depending  on  where 

failure  of  the  reservoir  would  occur .  It  can  range  from  2  to  20. 

A. 5. 3  Downstream  Property:  East  side  of  structure  -  8th  Avenue;  South 
side  -  a  park;  West  and  North  sides  -  apartment  complexes. 


A. 5. 4  Warning  System:  None 
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TECHNICAL  CRITIQUES 


ORNED-G 


MEMORANDA  FOR  RECORD 

SUBJECT:  Non-Federal  Dam  Inspection  of  8th  Avenue  Reservoir 


1.  As  part  of  the  Mon-Federal  Dam  Inspection  Program,  the  8th  Avenue 
Reservoir  was  inspected  on  29  June  1981.  Below  is  a  list  of  personnel  who 
took  part  in  the  inspection. 

Nashville  District  -  Corps  of  Engineers 

Paul  Bluhm  Inspection  Coordinator 

Tom  Porter  Hydraulic  Engineer 

Tom  Allen  Hydraulic  Engineer 

Gordon  McClellan  Structural  Engineer 

Randy  Bush  Soils  Engineer 

Wayne  Swartz  Geologist 

Tennessee  Department  of  Conservation 

Bill  Culbert  Water  Resources  Engineer 

Metropolitan  Government  -  Department  of  Water  and  Sewarage  Services 

Gene  Johnson 
Fred  Clinare 

2.  Mr.  Gene  Johnson  first  gave  a  brief  summary  of  the  history  of  the 
reservoir.  The  reservoir  was  constructed  in  1889  to  be  used  as  a  water 
supply  for  the  city  of  Nashville.  It  is  elliptical  in  shape  and  divided  into 
two  basins.  Originally  water  was  pumped  from  the  Cumberland  River  into  one 
basin  where  it  was  allowed  to  settle  and  then  pumped  to  the  other  basin  for 
distribution.  A  section  of  the  east  wall  of  the  structure  failed  in  1912, 
but  was  repaired  by  1914.  In  1920,  portions  of  the  wall  near  the  1912  break 
were  underpinned.  No  additional  remedial  work  was  performed  on  the 
structure  until  1975  when  leaks  were  observed  on  the  north  side  of  the 
reservoir.  An  extensive  exploration  program  was  undertaken  to  determine  the 
cause  or  source  of  leakage.  The  end  result  of  this  study  was  the  installa¬ 
tion  of  a  tendon  through  the  reservoir  which  was  anchored  in  rock.  A  rein¬ 
forced  concrete  ring  wall,  8  feet  in  height  was  also  constructed  around  the 
reservoir  (except  in  the  area  of  the  1914  and  1920  work)  covering  the  tendons 
In  addition  to  this  work,  an  elevator  and  stairs  were  also  added  to  the 
structure.  No  other  remedial  work  has  been  performed. 

3.  An  inspection  was  then  made  on  the  reservoir.  There  were  three  main 
areas  to  be  Inspected:  The  gate  house,  the  top  and  interior  of  the  reservoir 


and  the  exterior  and  surrounding  area  of  the  structure. 

a.  Gate  House  -  The  control  room  Is  located  on  the  north  side  of  the 
structure  and  houses  the  valves  which  control  the  water  levels  in  the  two 
basins.  The  structure  is  divided  into  three  sections  or  wells;  the  influent, 
effluent  and  gate  wells.  Vater  is  pumped  in  to  the  influent  well  from  the 
main  pumping  station  on  Omohundro  Drive  through  a  36  inch  pipe.  The 

east  basin  Is  then  regulated  by  two  36  inch  pipes  from  this  well  while  the  west 
basin  is  regulated  by  a  weir  located  in  the  wall  separating  the  two  basins 
Distribution  is  made  from  the  west  basin  through  two  36  inch  pipes  located 
in  the  effluent  well.  Distribution  can  also  be  made  from  the  east  basin, 
but  the  valves  on  the  two  36  inch  pipes  are  normally  closed.  The  valves 
f6r  the  21  inch  drains  of  both  basins  are  located  in  the  gate  well  as  are 
the  valves  for  the  drains  of  the  other  two  wells.  The  Interior  of  the 
gate  well  was  in  good  condition  although  some  leakage  was  observed.  The 
seepage  did  not  appear  to  be  serious  and  drains  at  the  bottom  of  the  gate 
well  removed  this  leakage.  The  pipes  and  valves  appeared  to  be  in  good 
condition  although  the  valves  were  not  operated.  Control  of  the  water  level 
in  the  reservoir  by  the  main  pumping  station  at  Omohundro  Drive. 

b.  Reservoir  -  top  and  interior:  The  top  of  the  reservoir  wall 
provides  a  walkway  around  the  entire  structure.  It  is  concrete,  9  feet  in 
width  and  has  a  4  foot  high  brick  parapet  wall  on  its  outer  edge  and  a 
railing  on  the  inner  edge  to  provide  protection.  The  center  wall,  dividing 
the  two  basins,  also  provides  a  walkway  and  railing.  A  weir,  which  regu¬ 
lates  the  water  elevation  in  the  two  basins,  is  located  at  the  south  end  of 
the  center  wall.  The  walkway  covers  the  weir  and  it  was  not  observed  at  the 
time  of  the  inspection.  The  reservoir  itself  was  covered  with  a  strong, 
vinyl  cover  which  was  required  of  the  owner  by  law.  Thera  the  inter- 

rior  walls  could  not  be  inspected.  The  water  elevation  at  the  time  of 
inspection  was  approximately  3  feet  below  the  top  of  the  wall.  A  Tennessee 
Highway  Department  brass  marker  was  set  in  the  wallway  on  the  east  side  and 
is  used  to  determine  the  elevation  of  23  plugs  that  were  set  at  various 
points  around  the  top  of  the  reservoir  wall.  These  plugs  were  Installed  to 
determine  if  the  wall  settled  during  the  recent  remedial  work.  Overall »  the 
top  and  interior  of  the  reservoir  was  in  good  condition  with  the  exception  of 
some  minor  concrete  spalling  which  is  occurring  on  the  walkway  near  the  gate 
house . 

c.  Reservoir;  Exterior  -  The  reservoir  wall  has  according  to  plans,  a 
base  width  of  22  feet  9  inches  and  a  height  of  34.5  feet.  A  concrete  ring 
wall,  constructed  in  1978  when  the  tendons  were  installed, encircles  all  of 
the  reservoir  with  the  exception  of  the  1914  and  1921  reconstruction.  The 
ring  wall  is  8  feet  in  height  and  is  visible  only  in  the  area  near  the 
stairwell  for  the  gate  house.  A  IV  on  3H  earth  berm  extends  from  the  top 
of  the  concrete  wall  to  the  asphalt  road  and  encircles  the  entire  reservoir 
leaving  26  feet  of  the  reservoir  wall  visible  for  inspection.  There  are  8 
inclinometers  and  20  extensometers  located  at  various  points  around  the 
reservoir  (on  the  earth  berm  )•  The  inclinometers  were  protected  by  steel 
casings  that  extended  about  1.5  feet  above  the  ground  surface.  The  conduits 


for  Che  extensometer  extended  through  the  wall  and  were  routed  to  the 
control  room  where  they  can  be  read  electronically. 

The  stairwell  for  the  gate  house  is  located  on  the  north  side  of  the 
structure  as  is  the  elevator,  guard  room  and  chlorine  cylinder  storage. 
Located  directly  across  from  these  buildings  is  a  pump  house  and  guard 
house.  No  other  structures  are  located  near  the  reservoir. 

The  conditions  of  the  reservoir  appeared  to  be  very  good.  Portions  of  the 
wall  showed  signs  of  some  deterioration  but  it  did  not  appear  to  be  serious. 
Some  areas  of  the  original  wall  and  the  1914  reconstructed  wall  showed 
signs  of  leakage  as  evidenced  by  calcium  deposits.  Leakage  was  observed  but 
it  was  very  minute  and  generally  not  noticeable.  Overall  the  masonry  wall 
appeared  to  be  in  good  condition.  The  area  and  foundation  immediately 
surrounding  the  reservoir  did  not  show  any  wetspots,  areas  of  seepage  or  any 
signs  of  distress.  Maintenance  of  the  area  immediately  adjacent  to  and 
surrounding  the  reservoir  was  very  good.  The  grounds  were  mowed  and  well 
kept. 

5.  .  Conclusions  and  Recommendations 

a.  Structurally  the  reservoir  appeared  to  be  in  very  good  condition. 
There  were  no  signs  of  cracks,  differential  settlement,  or  wet  areas  on  or 
near  the  reservoir. 

b.  The  slight  leakage  that  was  observed  was  not  considered  serious. 

c.  The  spalling  of  the  concrete  that  was  observed  on  the  walkway  was 
not  serious,  but  should  be  repaired. 

d.  The  valves  and  pipes  in  the  gate  house  appeared  to  be  in  good 
condition. 

e.  The  leakage  that  was  observed  in  the  gate  well  was  not  considered 
serious . 


f.  Inclinometer  caps  should  be  provided  for  all  inclinometers. 

g.  The  owner  should  establish  a  regular  schedule  for  reading  and 
reviewing  the  data  from  the  Inclinometers  and  extensometers. 

h.  An  emergency  action  plan  should  be  developed  to  warn  downstream 
residents  in  the  event  a  serious  problem  develops  with  the  structure. 


Paul  F,  Bluhm 
Civil  Enpineer 


ORNED-G 

MEMORANDUM  FOR  RECORD 

SUBJECT:  Inspection  of  Metropolitan  Nashville  8th  Avenue  Reservoir 


1.  Purpose:  To  inspect  and  render  judgment  as  to  the  adequacy  and 
acceptability  of  the  safety  of  the  8th  Avenue  Reservoir  under  the 
Safety  of  Non-Federal  Dams  program. 

2.  Place  and  Date:  Metropolitan  Nashville  8th  Avenue  Reservoir,  29  June 
1981. 


3.  Persons  Making  Inspection: 

Tommy  Allen 
Paul  Bluhm 
Randy  Bush 
Gordon  McClellan 
Tom  Porter 
F.  Wayne  Swartz 
Bill  Culbert 


ORNED-H 

ORNED-G 

ORNED-G 

ORNED-D 

ORNED-H 

ORNED-G 

Tenn.  Dept. .of  Water  Resources 


4.  Persons  Contacted: 


Fred  Clinard  Metro  Dept,  of  Water  and  Sewerage  Service 

Gene  Johnson  Metro  Dept,  of  Water  and  Sewerage  Service 

Background :  The  8th  Avenue  Reservoir  is  an  elliptical  shaped  gravity- 
type  wall  structure  constructed  of  cut  stone  masonry  facing  with 
"cyclopean  concrete"  between  facings.  The  major  axis  is  603  feet  in 
length  and  the  minor  axis  is  463.4  feet  in  length.  A  wall  along  the 
minor  axis  divides  the  reservoir  into  two  basins  of  more  than 
25,000,000  gallons  capacity  each.  The  top  of  the  wall  is  at  approxi¬ 
mate  elevation  676  +  with  the  basin  floor  at  approximate  elevation 
643  +  . 

The  structure^,  constructed  in  1887-89,  is  located  on  the  west  flank  of 
the  Nashville  Dome.  There  is  a  gentle  NW  areal  dip  of  beds  with  many 
variations  and  reversals  of  the  regional  dip.  The  reservoir  is 
constructed  on  the  shaly  limestones  of  the  Ordovician  age  Catheys 
formation  which  dips  slightly  W *NW  and  is  weathered  to  depths  of 
10-25  feet.  Based  on  studies  conducted  by  Geologic  Associates  Inc. 
in  1975.  the  rejervoir  foundation  is  crossed  by  three  roughly 
parallel  gravity  faults. 

A  failure  of  the  southeast  section  of  the  wall  resulted  in  extensive 
repairs  which  were  completed  in  1914.  Signs  of  structural  distress 
necessitated  additional  remedial  treatment  bracketing  this  area  in 
1921.  The  1912  failure  and  past  leakage  problems  have  been  attributed 
to  founding  the  structure  on  the  highly  weathered  limestone.  Remedial 


foundation  treatment  to  provide  an  acceptable  factor  of  safety  was 
performed  in  1977. 


Prior  to  the  inspection,  1  reviewed  the  reports  covering  the  Sub¬ 
surface  investigations,  the  analysis  and  evaluation  of  the  data, 
and  the  stabilization  that  was  provided.  The  entire  program  seems 
to  have  been  very  well  handled.  The  investigations  and  the  stab  ility 
analysis  were  very  thorough  in  addressing  the  problem  and  its  solu¬ 
tion.  The  remedial  measures  that  were  taken  should  be  adequate  to 
provide  the  factor  of  safety  that  would  necessarily  be  required. 

6.  Observations:  Following  a  briefing  by  Messrs.  Clinard  and  Johnson, 
the  group  separated  to  inspect  the  structure.  The  overall  condition 
of  the  structure  appears  acceptable  with  no  evidence  of  foundation 
distress.  However,  the  following  deficiencies  were  noted: 

a.  Although  there  was  no  seepage  at  the  foundation  or  base  of  the 
wall  and  overall  no  significant  seepage,  there  was  minor  seepage  in 
association  with  calcium  carbonate  deposits,  especially  on  the  SE 
wall. 


b.  There  has  been  some  deterioration  of  the  outer  stone  facing  and 
mortar  which  may  be  attributed  in  large  part  to  the  poor  weathering 
resistance  of  the  shaly  limestone  used  in  the  reservoir's  construc¬ 
tion.  It  may  be  that  increased  air  pollution  has  and  will  accelerate 
this  deterioration,  but  it  is  not  a  serious  problem  at  this  time. 

c.  A  number  of  inclinometers  were  found  without  protective  covers. 


7,  Conclusions  and  Recommendations:  Based  on  a  review  of  available 
geotechnical  data  and  on  the  on-site  inspection,  the  8th  Avenue 
Reservoir  is  in  good  shape  with  no  signs  of  foundation  distress. 

The  minor  seepage  as  well  as  the  deterioration  of  the  rock  facing 
should  be  closely  monitored  for  changes,  especially  as  to  rate  and/or 
quantity. 


F.  WAYNE /SWARTZ 
Geologist 

Geotechnical  Branch 
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ORNED-D 


7  August  1981 


MEMORANDUM  FOR  RECORD 

SUBJECT:  Trip  Report  -  8th  Avenue  Reservoir  Inspection 


1.  On  29  June  1981  I  accompanied  the  inspection  party  for  the  inspection  of  the 
8th  Avenue  Reservoir,  Nashville,  Tennessee  under  the  Non-Federal  Dam  Inspection 
Program.  The  Reservoir  is  elliptical  in  plan  with  a  major  axis  of  603  feet  and 
a  minor  axis  of  463.4  feet.  The  reservoir  is  split  along  the  minor  axis  with  a 
divider  wall.  The  tops  of  the  walls  are  8  feet  thick  and  have  a  thickness  of 
approximately  23  feet  at  the  floor  of  the  reservoir.  The  walls  are  faced  with 
cut  stone  masonry  and  are  filled  with  stone  rubble.  Each  basin  of  the  reservoir 
holds  approximately  25,000,000  gallons  and  they  are  lined  and  have  a  floating 
cover.  There  is  a  tensioning  ring  for  the  prestressed  anchors  at  the  foot  of 
'the  wall. 

2.  The  facing  stone  masonry  on  the  exterior  of  the  reservoir  has  weathered  and 
the  thickness  of  the  stone  has  been  reduced.  The  original  stone  has  weathered 
much  worse  than  the  stone  used  in  the  1912  repair.  There  is  very  little  seepage 
through  the  wall  and  the  wall  was  dry  except  in  one  place  in  the  rebuilt 
section.  The  addition  of  the  liner  in  1976  has  probably  slowed  the  weathering 
of  the  stone,  however,  this  should  be  monitored. 

3.  The  tensioning  ring  is  visible  only  in  the  area  of  the  pump  house  itself, 
since  it  has  been  covered  with  an  earth  berm.  The  top  edge  of  the  beam  shows 
through  at  several  locations.  The  concrete  of  the  beam  is  in  good  condition  and 
there  Is  no  rust  showing  in  the  joints  for  the  grout  caps  over  the  anchorages  for 
the  prestressing  tendons. 

4.  The  concrete  on  top  of  the  wall  is  cracked  and  spalling.  We  were  told  that 
the  wall  would  be  capped  with  asphalt. 


Civil  Engineer 


Project  History 

The  Eighth  Avenue  Reservoir  is  located  on  Kirkpatrick  Hill  and  is  owned  by  the 
Metropolitan  Government  of  Nashville  and  Davidson  County.  Construction  was 
begun  in  August  1887  and  the  reservoir  was  finished  in  1889.  The  reservoir  is 
elliptical  in  plan  with  a  major  axis  of  603  feet  and  a  minor  axis  of  463.4  feet. 
There  is  a  dividing  wall  along  the  minor  axis  that  divides  the  reservoir  into 
two  basins  of  approxiamtely  25,000,000  gallons.  The  walls  are  8  feet  thick  at 
the  top  and  approximately  23  feet  thick  at  the  floor  of  the  reservoir.  At  some 
locations,  it  has  been  determined  that  the  wall  is  36  feet  or  more  at  its  con¬ 
tact  with  the  subgrade.  The  walls  are  faced  with  cut  stone  masonry  and  filled 
with  stone  rubble.  The  interstices  of  the  rubble  were  filled  with  concrete  to 
produce  a  mass  referred  to  as  "cyclopean  concrete.”  Originally,  the  dividing 
wall  was  used  to  separate  the  settling  basin  from  the  treated  water  basin.  The 
two  basins  are  now  connected,  with  the  treated  water  entering  the  east  basin  and 
exiting  from  the  west  basin. 

On  November  5,  1912,  a  segment  of  the  east  basin  wall,  approximately  200  feet  in 
length,  was  displaced  and  that  basin  emptied.  Old  photographs  have  shown  that 
the  force  of  the  flow  was  sufficient  to  sweep  away  the  fill  placed  on  the 
^hillside  and  scour  the  natural  ground  to  bedrock.  A  segment  of  about  100  feet 
in  length  remained  intact  as  it  was  displaced. 

The  wall  was  rebuilt  in  1914.  In  addition  to  rebuilding  the  wall,  a  perimeter 
french  drain  system  was  installed  adjacent  to  and  inside  the  east  basin  wall. 

At  the  same  time,  the  interior  walls  were  gunited  and  the  floor  of  the  basin 
treated  with  asphalt  and  covered  with  concrete.  Six  test  pits  were  dug  around 
the  west  basin  and  one  buttress  was  built. 

In  1920,  the  east  basin  was  withdrawn  from  service  after  an  inspection  revealed 
a  horizontal  crack  in  the  masonry  wall.  This  was  in  the  segment  adjacent  to  and 
north  of  the  section  that  failed  in  1912.  A  study  was  implemented  which 
included  the  use  of  core  holes  and  test  pits,  and  lead  to  the  underpinning  of 
about  two-thirds  of  the  affected  area  In  1921.  As  part  of  this  work,  the  walls 
of  the  reservoir  were  scaled  and  were  coated  with  a  new  layer  of  gunite,  and  a 
new  concrete  floor  was  installed. 

In  1974,  contracts  were  let  to  install  covers  over  the  two  open  basins.  The 
contracts  Included  cleaning  the  reservoirs,  guniting  the  interior  walls,  and 
installing  butyl  rubber  floating  covers.  This  work  was  completed  in  March  1975. 

After  the  reservoir  had  been  returned  to  operation  in  the  spring  of  1975, 
seepage  was  noted  In  the  lower  courses  of  masonry  along  the  northwest  arc  of  the 
west  basin.  This  seepage  was  greater  than  had  been  observed  previously,  and  it 
was  decided  to  drain  the  west  basin.  A  subsurface  investigation  was  begun,  and 
from  the  data  obtained,  it  was  determined  that  the  subsurface  was  inadequate  to 
provide  a  sufficient  factor  of  safety  against  sliding.  A  tensioning  ring  with 
tendons  anchored  in  sound  rock  was  Installed  around  the  reservoir,  except  in  the 
areas  of  the  1912  and  1920  repair  work.  At  the  same  time,  the  floating  covers 
were  converted  to  liners  for  the  basins  and  new  covers  installed. 


Review  of  Repairs 


The  failure  of  the  reservoir  in  1912  seemed  to  be  related  to  the  foundation 
material  rather  than  the  structural  stability  of  the  walls.  Geologic  Associates 
concluded  that  the  failure  was  caused  by  piping  of  the  subgrade.  They  based 
their  findings  on  photographs  of  the  1912  failure  and  the  fact  that  an  almost 
100  foot  segment  of  the  wall  remained  intact  after  being  displaced.  They  felt 
that  the  failure  was  a  typical  wedge  failure,  with  the  wall  being  displaced 
downward  and  outward. 

The  failed  portion  of  the  wall  was  rebuilt  with  a  better  grade  stone  than  the 
original  stone.  It  is  not  as  susceptible  to  weathering,  and  it  is  very  apparent 
where  this  new  stone  was  used,  since  it  is  a  different  color. 

The  1921  repair  work  consisted  of  excavating  narrow  trenches  under  the  wall  to 
sound  rock  and  backfilling  with  concrete.  This  extended  the  walls  to  sound 
rock.  This  work  was  considered  to  be  adequate  when  the  repairs  were  made  in 
1975. 

The  1975  repair  work  consisted  of  adding  a  tensioning  ring  with  tendons  anchored 
in  sound  rock.  This  system  was  designed  by  the  Chester  Engineers,  The  ring  was 
installed  around  the  reservoir %  except  in  the  areas  of  the  1914  and  1920  repair 
work.  Tendons  were  then  installed  through  this  ring.  The  tendons  consisted  of 
Dywidag  Threadbare  on  7' 6”  centers.  The  bars  were  designed  for  a  load  of  160 
kips,  but  were  load  tested  to  239  kips.  Each  bar  was  embedded  a  minimum  of 
10' 0"  into  sound  bedrock  Thi6  medthod  raised  the  factor  of  safety  against 
sliding  to  about  1.5.  This  method  was  selected  after  reviewing  several  alter¬ 
natives,  including  abandonment  of  the  present  reservoir  and  building  on  a  new 
site. 


ORNED-G 


9  July  1981 


MEMORANDUM  FOR  RECORD 

SUBJECT:  Trip  Report  -  Inspection  of  Metro  Nashville  8th  Avenue  Reservoir 


1.  The  Metro  Nashville  8th  Avenue  Reservoir  was  inspected  on  29  June  1981  in 
conjunction  with  the  Non-Federal  Safe  Dams  Program.  At  the  site  we  were  briefed 
on  the  structure  history  by  Metro  water-sewer  personnel.  The  structure  was 
completed  in  approximately  1889,  rebuilt  after  a  failure  in  1914  and  the  walls 
outside  the  failure  area  renovated  by  underpinning  in  approximately  1921.  The 
underpinning  consisted  of  removing  the  shaley  rock  beneath  the  footing  and 
replacing  it  with  concrete  down  to  sound  rock.  A  concrete  (reinforced)  collar 
was  constructed  around  the  base  of  the  structure,  exclusive  of  where  the  struc¬ 
ture  was  repaired  and  tendons  installed  through  the  collar  into  sound 
bedrock  a  few  years  ago.  In  recent  years  a  plastic  liner  and  cover  has  been 
installed  on  the  reservoir.  The  walls  of  the  reservoir  are  approximately  2f> 
feet  thick  at  the  base.  According  to  water-sewer  personnel  the  walls  contain  a 
clay  core,  however,  some  reports  say  the  walls  contain  cyclopian  c&acnete  so  it 
is  uncertain  as  to  what  the  interior  of  the  walls  contain. 

2.  A  very  slow  dripping  of  water  from  a  stalagtite  formed  on  the  wall  approxi¬ 
mately  8-10  feet  up  from  the  ground  was  observed.  This  was  within  an  area  of 
the  wall  which  showed  mineralization  and  within  the  repaired  section  of  the 
wall.  Other  areas  of  the  wall  showed  signs  of  mineralization  occurring  (wall 
turning  white)  and  stalagtites  forming  which  indicates  possible  seepage  through 
the  wall  in  the  past. 

3.  Some  of  the  stones  of  which  the  walls  are  built  are  scaling.  Some  of  the 
stones  are  scaling  noticeably  faster  than  others,  particularly  a  section  of  thu 
wall  near  the  repaired  section.  At  this  time,  however,  the  scaling  of  the  rock 
appears  to  present  no  immediate  problems. 

4.  No  seepage  or  soft  spots  were  observed  at  the  base  or  around  the  structure 
area.  The  structure  appears  stable  and  in  good  condition.  Five  inclinometers 
at  the  base  of  the  structure  did  not  have  caps  and  two  of  these  instruments  were 
full  of  water.  Caps  should  be  provided  for  these  instruments  to  protect  them. 

RANDY  H.  BUSK 

Soils-Embankment  Design  Section 

Ceotechnical  Branch 
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THE  CHESTER  ENGINEERS 


APPENDIX  F 


HYDRAULIC  AND  HYDROLOGIC  ANALYSIS 


HYDROLOGIC  AMD  KiDRAULIC  ANALYSIS 


According  Co  OCE  guidelines,  8ch  Ave.  Reservoir  must  be  able  to  safely 
pass  the  \  to  full  Probable  Maximum  Flood  (PMF).  Six-hour  rainfall 
depths  for  the  Probable  Maximum  Precipitation  (PMP)  and  the  100-year 
rainfall  were  obtained  from  the  U.S.  Weather  Service's  Technical  Paper 
40. 

The  only  inflow  to  the  reservoir  during  the  six-hour  storm  is  the  rain¬ 
fall  itself  or  29.3  inches  for  the  PMP.  The  minimum  distance  between 
the  top  of  the  walkway  and  the  reservoir  cover  is  3  feet.  Therefore, 
the  reservoir  would  not  be  overtopped  by  the  full  PMP. 
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in  kkply  mtr an  to 


•  DEPARTMENT  OP  THE  ARMY 

NASHVILLB  DISTRICT,  CORPS  OP  ENGINEERS 

P.  O.  BOX  1070 

NASHVILLB.  TENNESSEE  37201 


ORNED-G 


Mr.  K.  R.  Harringtoa,  Director 
Department  of  Water  and  Sewerage  Services 
18th  Floor  -  Stahlman  Building 
211  Union  Street 
Nashville,  TN  37201 


Dear  Mr.  Harrington: 

As  provided  under  authority  of  the  National  Dam  Inspection  Act,  Public  Law 
92-367,  all  non-Federal  dams  in  Tennessee  must  be  inspected  for  the  purpose  of 
protecting  life  and  property.  The  term  “dam"  includes  any  artifical  barrier 
which  impounds  or  diverts  water.  The  8th  Avenue  Reservoir  qualififes  as  a  “dam” 
under  this  definition  and  must  be  inspected. 

A  tentative  date  for  the  inspection  has  been  set  for  19  May  1981.  However,  in 
order  to  perform  a  thorough  investigation,  it  is  necesssary  to  review  past 
design  calculations,  construction  drawings,  instrumentation  data,  etc.  A  por¬ 
tion  of  this  material  has  been  furnished  to  this  office;  however,  additional 
material  is  needed.  Specifically,  material  concerning  design  calculations  for 
the  tendons  and  information  on  the  instrumentation  that  was  installed  would  be 
helpful  in  assessing  the  stability  of  the  structure.  Any  additional  information 
would  also  be  helpful.  Please  forward  this  material  to  Mr.  Paul  Bluhra  of  our 
Geotechnical  Branch. 

If  you  have  any  further  questions  regarding  what  material  is  needed  or  on  any 
aspect  of  the  inspection  please  contact  Mr.  Bluhm  at  251-7366. 

Sincerely, 


E.  C.  MOORE 

Chief,  Engineering  Division 


NON-FEDERAL  DAM  INSPECTION  REVIEW  BOARD 
PO  BOX  1070 

NASHVILLE,  TENNESSEE  37202 


ORNED-G 


Commander,  Nashville  District 
US  Army,  Corps  of  Engineers 
PO  Box  1070 
Nashville,  TN  37202 


1.  The  Interagency  Review  Board,  appointed  by  the  Commander  on  19  June  1981, 
presents  the  following  recommendations  after  meeting  on  3  September  1981,  to 
consider  the  Phase  I  investigation  report  on  8th  Avenue  Reservoir  located  in 
Nashville,  Tennessee. 


2.  The  Board  is  in  agreement  with  other  report  conclusions  and  recommendations 
following  minor  revisions. 


FRANK  B.  COUCH,  JR. 

Chief,  Geotechnical  Branch 
Chairman 


EDMOND  B.  O' 

Alternate,  Division  of  Water 
Resources 

State  of  Tennessee 


_ 

EDWARD  B.  BOYD 
Hydrologic  Technician 
Alternate,  US  Geological  Survey 


WILEY  B.  SCOTT 

Assistant  Design  Engineer 

Alternate,  Soil  Conservation  Service 


± 


'h'.., L  Olhi 


THOMAS  ALLEN 
Hydraulic  Engineer 
Alternate,  Hydrology  and  Hydraulics 
Branch 


S /- 


■  j?) 


L.  E.  LOCKETT 
Structural  Engineer 
Alternate,  Design  Branch 


Commander,  Ohio  River  Division 
ATTN:  ORDED-T  (Griff  Ray) 


1.  Inclosed  are  three  copies  of  our  draft  report  covering  the  Phase  I  inves¬ 
tigation  of  8th  Avenue  Reservoir  in  Davidson  County,  Tennessee 

2.  The  report  is  still  in  draft  form  at  this  time.  Request  return  of  copy  con¬ 
taining  color  photographs  along  with  your  comments.  We  will  furnish  you  a  final 
version  of  the  report  when  it  is  completed. 

FOR  THE  COMMANDER: 


/ 


.  •  ! 

ORDED-T  (28  Aug  81)  1st  Ind 

SUBJECT:  Report  of  Phase  I  Investigation  of  8th  Avenue  Reservoir#  Nashville, 
Tennessee 

DA,  Ohio  River  Division,  Corps  of  Engineers,  P.0.  Box  1159,  Cincinnati,  OH 
45201  17  September  1981 

TO:  Commander,  Nashville  District,  ATTN:  -ORNED-G 

1.  The  subject  report  needs  revision  to  cover  the  following  items. 

a.  The  project  should  not  be  called  deficient  because  of  spalled  and 
deteriorated  concrete  sidewalks.  Deterioration  of  the  sidewalks  does  not 
affect  the  integrity  of  the  retaining  structure. 

b.  If  the  structure  is  to  be  classified  as  deficient  because  of  the 
seepage  in  the  gate  house,  the  report  should  state  what  danger  is  created  by 
that  seepage. 

c.  Para  3-5-lh.  This  paragraph  indicates  that  the  structure  is 
deficient  because  of  the  items  discussed  above,  but  at  the  same  time,  this 
paragraph  and  other  paragraphs  indicate  that  the  structure  does  not  have  any 
apparent  safety  or  structural  deficiencies.  These  conflicting  statements  must 
be  resolved. 

d.  The  report  indicates  that  the  seepage  through  the  reservoir  retaining 
wall  is  not  serious.  Also,  it  is  stated  that  the  deteriorated  stone  condition 
is  not  serious.  At  the  same  time,  the  trip  reports  in  Appendix  D  have 
conflicting  statements  regarding  the  construction  of  the  walls.  One  trip 
report  indicates  that  the  walls  contain  rubble  fill;  another  report  indicates 
cyclopean  concrete;  and  another  report  speaks  of  impervious  clay.  Until  one 
knows  the  details  of  the  walls,  it  is  impossible  to  assess  the  impact  from  the 
seepage  and  the  deteriorated  stone  condition.  The  report  should  not  contain 
an  indication  that  the  seepage  condition  and  the  deterioration  of  the  stone  is 
not  serious.  Consideration  should  be  given  to  recommending  that  the  owner 
obtain  an  A/E  firm  to  investigate  the  condition  of  the  walls. 

e.  The  need  for  an  A/E  to  investigate  the  structural  condition  of  the 
masonary  wall  and  the  effects  of  the  tie-back  ring  beam  was  previously 
suggested  in  the  report  by  Shannon  and  Wilson.  This  recommendation  should  be 
brought  to  the  owners  attention. 

f.  A  recommendation  should  be  made  to  encourage  the  owner  to  continue 
the  visual  inspections  presently  being  made. 

2.  General. 

a.  Para  2-4-1,  Main  Report.  The  third  sentence  of  this  paragraph 
describing  the  local  geology  should  be  reviewed  for  accuracy.  It  appears  that 
this  discussion  is  related  to  bedding  instead  of  jointing. 


ORDED-T  (28  Aug  81)  1st  Ind  17  September  1981 

SUBJECT:  Report  of  Phase  I  Investigation  of  8th  Avenue  Reservoir,  Nashville, 
Tennessee 

b.  The  table  of  contents  indicates  text  page  numbers,  but  the  pages  are 
not  numbered. 

c.  The  text  contains  statements  which  conflict  with  information 
furnished  in  the  Appendices. 

d.  Appendix  B.  North  arrows  should  be  added  to  the  maps  and  sketches. 

3.  Appendix  B,  Section  B.B  and  Appendix  D,  Project  History.  The  text, 
para  2-2,  indicates  that  the  8-foot  wall  was  not  installed  around  the  entire 
reservoir.  This  conflicts  with  Appendices  B  and  D  and  should  be  corrected. 

FOR  THE  COMMANDER: 

RICHARD  C.  ARMSTRONG ^ 

Chief,  Engineering  Division 
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APPENDIX  H 

PREVIOUS  INVESTIGATIONS 
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May  27,  1975 


MEMO 


TO: 


FROM: 


IN  RE: 


'••i 


Mr.  K.  R.  Harrington 

Director  -  Water  &  Sewerage  Services 


Mr.  Lester  Willises,  Jr. 
Chief  Operational  Engineer 

8th  Avenue  Reservoir  Leak 


*7  f 


.»• 


/W  ■ 


The  following  ia  a  chronological  record  of  the  events  relating  to  the  leak 
discovered  In  the  8th  Avenue  Reaervolr  on  Wednesday,  May  21,  1975. 


•  * ; 


r  1 ,  ; 

'  f.‘. . 

'W*-"  ,•  j 

riKr*»-i.A«J 


At  approximately  12:30  p.n.  Mr.  V.  W.  Frye  contacted  me  regarding  a  leak 
at  the  8th  Avenue  Reservoir.  After  learning  of  the  description  of  the 
leak,  Mr.  7.  L.  Cllnard  and  myself  proceeded  to  the  reservoir  to  inves¬ 
tigate.  Upon  arriving,  we  observed  seepage  In  the  northwest  quadrant  of 
the  reservoir,  leginning  et  a  point  due  west  and  extending  for  about  50° 
to  the  north  and' covering  approximately  100  yards.  The  seepage  was  coniine.; 
to  the  lower  four  courses  of  stone.  The  worm  leak  was  in  the  middle  vc 
the  4th  course  of  stone  with  other  noticeable  seepage  the  entire  span  ce- 
scrlbed,.  tailing  to  the  1st  course  of  stone  at  the  edge  in  both  directions. 

The  water,  quantity  waa  sufficient  enought  to  pass  through  a  gravel  bed  .ma 

^rapfc'-At  this  painty  I  put  in  s  cell  for  Mr.  W.  F.  Brock  and/or  Mr. 

While  waiting  for  their  return  call,  we  proceeded 
survey  party  to  recheck  level '  measurements  at  the 

measurements  were  begun  at  the  worst  leek  described  above,  because  it  appeared 
f  that  the  leak  was  Increasing. 

<'Y*  ,  ' 

’  The  1st  measurement  of  the  leak  was  1  quart  per  SO  seconds.  This  quantity 

'  jl/'Y  (  w'13  checked  periodically  at  15  minute  intervals  with  no  changes  during  the 

!  \  afternoon. 


K.  P .  Harr ing* on  „ 
to  contact  the  engineering 
reservoir,  also,  flow 


Mr.  K.  R.  Harrington  returned  my  call  at  approximately  1:30  p.m.  and  at 
which  rime  l  Informed  him  of  our  findings  and  he  suggested  the  possibility 
of  beginning  the  draining  of  the  west  basin. and  agreed  instead  to  rut  off 
the  influent  to  the  west  side  and  lower  the  level  by  using  the  water. 

This  was  done  while  the  abov<r  precaution  measurements  continued. 


or 


In  re :  Hi h  Avenue  Reservoir  Leak 
May  27,  1975 
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Mr.  K.  R.  Harrington  and  Mr.  W.  F.  Brock  arrived  at  the  reservoir  shortly 
after  2:00  p.a.  and  no  noticeahle  change  had  been  observed  at  this  time. 

It  was  decided  to  lover  the  we at  baaln  during  the  afternoon  and  night  as 
low  aa  usage  would  allow  and  then  valve  off.  The  seepage  waa  to  be  con¬ 
tinuously  Monitored  during  the  night  for  any  changes.  A  Meeting  was  set 
for  the  following  Morning  at  9:30  a. a.  with  Mr.  T.  A.  Flthlan  of  Chester 
Engineers  and  Mr.  Ray  Throckmorton  of  Geologic  Associates.  Another  level 
survey  waa  to  be  run  early  in  the  aornlng. 

During  the  evening  hour  the  reservoir  level  was  lowered  to  approximately 
8'  below  the  overflow.  By  6:00  p.a.  the  seepage  had  noticeable  decreased 
and  by  10:00  p.a.  there  was  alaost  no  flow  through  the  monitored  seepage 
point . 

4' 

Neither  of  the  level  surveys  showed  any*  significant  deflections. 

By  9:00  a. a.  on  Thursday,  May  22,  1975,  the  seepage  had  decreased  to  no 
more  than  that  observed  in  prior  years. 

At  a  meeting  on  the  prealsea  at  9:30  a. a.,  the  following  persons  were  pre¬ 
sent,  Mr.  V.  W.  Frye,  Mr.  L.  L.  Williams,  Mr.  W.  F.  Brock  of  the  Water  and 
Sewerage  Departaent,  Mr.  T.  A.  Flthlan,  Mr.  Harold  Kurtz  of  Chester  Engineers, 
Mr.  Ray  Throckmorton  of  Geologic  Associates  and  Mr.  Jerry  Free  of  Pressure 
Concrete.  At  that  time  all  the  information  was  reviewed  and  It  was  elected 
to  continue  all  observations.  In  addition,  Mr.  Throckmorton  and  Mr.  Flthlan 
were  instructed  to  make  an  analysis  of  the  situation,  also,  Mr.  Throckmorton 
was  to  set  up  a  plan  for  taking  some  sample  core  drills.  All  parties  were 
to  be  avlsed  of  apy  changes  monitored. 

By  Thursday  afternoon  alanat  all  seepage  had  stop  above  the  1st  course  of 
stone. 

The  reservoir  level  was  maintained  at  8'  below  overflow  in  the  west  basin. 

On  Friday,  May  23,  1975,  the  seepage  continued  to  dry  up  wl th  only  a  few 
noticeable  wet  spots.  Continuation  of  monitoring  remained  In  affect  as 
before. 


Subsequent  happenings  and  events  relating  to  the  leakage  are  recorded  In  a 
log  which  is  maintained  by  Mr.  V.  W.  Frye. 


U.W: jdb 


Respectfully  submitted. 


Chief  Operational  Engineer 


cc:  Mr.  W.  F.  Brock,  Jr. 

Assistant  Director  -  Hater  6  Sewerage  Services 
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Metropolitan  Gove: nment  of 

Nashville  and  Davidson  County 

Department  of  Water  and  Sewerage  Service,  j 

8th  Floor,  Stahlman  Building 
211  Union  Street 
Nashville,  Tennessee  3/201 

Attention:  Mr.  K.  R.  Harrington 

Gen i I emen : 

Re:  Stability  and  Leakage  Study- 

Main  Reservoir,  8th  Avenue,  South 
Nashville,  Tennessee 

Regarding  the  above  site  and  our  inspections  and  various  conversations 
regarding  it,  we  expect  to  begin  the  subsurface  exploration  at  once 
and  will  keep  you  informed  of  its  progress.  Initially,  three  or  four 
holes,  rather  widely  spaced  across  and  beyond  the  visibly  affected 
area,  will  be  cored  to  depths  which  will  permit  positive  Correlation 
of  the  strafa  and  identification  of  any  potential  planes  of  slippage, 
itost  of  the  holes  will  be  vertical;  some  inclined  drilling  may  be 
necessary.  These  exploratory  holes,  and  some  Intermediate  holes  as 
well,  will  be  drilled  and  permanently  cased  into  bedrock  in  order  to 
observe  the  static  water  level. 


In  order  to  properly  assess  the  subsurface  data  and  its  relationship 
to  the  foundation  of  the  reservoir,  if  will  be  necessary  t>  excavate 
some  test  pits  adjacent  to  the  foundation.  These  pits  will  he  dug, 

C*  /  £-"/ 7  “  C  ^  /•/  //'  &i'<//j  /cs, // /*!»,.  j  ^  i/ 

Cvs*^.'  /It'*/  /rtf/rcs  / <//*/ ■*.  o — 

1. 
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Metropolitan  nmonl  of 

Nashville  and  I  f.iv  i  <l.i  >n  fo'infy 

of  Wafer  and  owo i  age  St-rvi. 

ifK'  ^  w  - 


' 'i-j  rj r  -i  i  i<-  •,  not  ihe  urc  o'  Hit-  -ill  ,’i.ij  oil!  ex  f  «?'•  3  i;  •  ,K 

-  :u  .  .-oce-.sur  •  > ioy  and  identify  the  foot ;  ng  condition, 

contao ;  elevation,  etr .  'When  completed  the  pits  wi!<  he  backfilled 
to  rad'!  wilh  plant-mix  5,000#  concrete. 

i  n  order  io  pioperi/  ovoluale  the  data  to  he  ga  I  tiered ,  we  need  copies 
loan  of  the  originals)  of  all  pertinent  drawings,  reports  and  other 
documents  pertaining  to  the  design,  construction  and  repair  of  the 
facility  ovei  the  years.  Mr.  Williams  has  indicated  that  a  topographic 
map  of  the  reservoir  areas  -  extending  well  downhill  into  adjacent 
properties  -  will  be  prepared  soon.  These  data  are  essential  to  the 
s+ah i ! i 1 y  si udy ,  too,  as  we  wi I  I  drill  II nes  of  prob i ngs  to  def i ne 
the  weathered  bedrock  surface  outward  from  each  cored  hole  location. 

We  expect  to  proceed  with  caution  and  will  keep  you  informed  of  our 
progress  and  findings.  In  the  writer's  absence  (until  June  !r>th) 
our  work  will  bo  under  the  direction  of  Mr.  John  Itageman . 
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At  this  time  there  is  no  way  for  us  to  os ri mate  tne  ultimate  ::cs t  o* 
this  stud  '""jr  oharjes  wi'i,  however .  be  cased  on  the  appended  tee 

4 

sched  ii  •.} .  We  appreciate  this  opportunity  to  be.  o'  ‘ !  nu*  no  service 
you. 

Yours  very  truly, 

Gf.OLOGIC  ASSOCIATES,  INC. 


RTT/mr 

Enclosure  -  Tee  Schedule 

Copy  -  M«-.  Ted  Fithlan,  Chester  Engineers 


GEOLOGIC  ASSOCIATES.  INC 


GEOLOGISTS  AND  ENGINEERS 


Reply  to 

FRANKLIN.  TN.  37064 
615-  -794  3596 


July  30,  !975 


Metropolitan  Gc . /arnment  of 

Nashville  and  Javidson  Cos.-rny 
Department  of  Wafer  a  of  Sewerage  Services 
Stah I  man  Bui  I d! ng 
Nashville,  Ter.-.essse  37201 

Attent i _< . .  Mr .  William  Brock 

Ge"  + .  ftwn : 

Re:  Interim  Report, 

Subsurface  Investigation 
Eighth  Avenue  Reservoir 
Nashville,  Tennessee 
Project  No.  75-090 

The  Eighth  Avenue  Reservoir  structure  (Kirkpatrick  Hill)  has  been 
repaired  at  least  twice  previously.  We  have  not  been  supplied  with 
any  data  relating  to  the  catastrophic  failure  of  1912,  except  that 
gleaned  by  inference  from  the  1921  data,  but  we  understand  that  the 
affected  area  encompassed  an  arc  at  the  southeast  segment  of  the 
east  basin.  Presumably,  the  wall  was  displaced  outward  along  planes 
of  weakness  In  the  subfoundation.  We  note  that  the  test  pits  excavated 
along  the  1912  failure  area,  during  the  1920  study,  showed  rhat  the 
footings  In  the  former  area,  as  reconstructed,  extended  to  depths  of 
ten  or  more  feet  below  ground  level.  No  doubt  the  reconstruction 
extended  through  tie  weathered  rock  zone  to  sound  strata.  We  point 
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out  that  the  I-  .2  area  is  coeer^-.?  nr  aopro-rf •  ;':■<> :  rite  p.  asen;  i y 

affected  roach  of  the  h*  '  I .  vhlch  car./  ;*?!•/  thar  some  r  -he  .i-bs  -f -?<  e 

conditions  found  during  the  present  study  ar3  related  to  tee  causes  c*f 
the  191?  strode. 

The  foundation  remedial  work  performed  In  1921  cons 'j-'enital  !y  of 
underpinning  a  further  segment  of  the  east  basin  after  a  horizontal  crack 
was  found  In  the  Interior  face.  The  history  of  this  work  Is  well- 
documented  and  has  been  valuable  during  the  present  study. 

We  are  told  that  the  subject  area  (north-northwest  arc  of  the  west  basin) 
has  displayed  evidence  of  seepage  for  some  years.  While  the  visible 
leakage  was  not  alarming  nor  objectionable.  It  was  carefully  monitored, 
especially  in  the  light  of  the  two  previous  failures  which  have  occurred 
In  the  structure.  In  the  latter  part  of  1974,  cleaning  of  the  basin  - 
for  the  first  time  In  about  forty  years  -  was  completed,  along  with 
'-■one  other  construction  efforts,  such  as  gunltlng  the  walls,  etc.  The 
basin  was  put  back  in  operation  during  March  1975.  In  the  late  spring 
seepage  increased  In  volume  over  any  occurring  previously  and  extended 
as  high  as  four  or  five  masonry  courses  above  ground  level.  Initial 
observations  suemed  to  Indicate  some  diurnal  Influence  In  that  flows 
increased  during  the  afternoon  hours  when  the  sun’s  rays  bore  most 
direct!/  on  that  arc.  Mows  decreased  or  ceased  altogether  during 
the  evening  and  morning  hours. 
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On  Thursday,  May  22,  19/5,  tne  ws  . -~r  first  Inspected  the  sits  Ir  the 
company  of  Messrs  Brock,  Nil  I  lams,  HtMan,  Kur+z  and  o+hers.  W-j 
were  author1. ~e«  to  begin  an  exploratory  program  directed  toward 
determining  subsurface  conditions  adjacent  to  the  visibly  affected 

ar'n . 

EXPLORATION  AND  TESTING. 

Eleven  holes  were  drilled  at  locations  shown  on  the  Plan,  Sheet  I. 

Ten  of  these  were  drilled  vertically  to  depths  which  permitted 

assessment  of  bedrock  degradation  and  positive  geologic  correlation. 

One  hole  was  drilled  at  an  Inclination  of  45°  In  order  to  further 
* 

study  the  bedrock  structure.  Permanent  casing  was  placed  In  most  of 
the  holes  and  the  static  water  level  In  each  has  been  monitored  by  us, 
as  well  as  Metro  personnel.  The  bedrock  cores  are  stored  at  our 
Franklin  office.  All  of  the  bedrock  cores  were  logged  in  detail, 
representative  samples  of  the  clay  seams  In  the  bedrock  cores  were 
tested  for  natural  moisture  content,  particle  size  distribution  and 
their  Atterberg  limits  determined.  The  basic  data  and  our  interpretation 
of  It  are  shown  on  the  appended  Profiles. 
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SUBSURFACE  CONDITIONS. 

The  existing  ground  surrace  surrounding  The  reservoir  is  undoubtedly  a 
much -mod  I f 5 ed  version  of  the  original  landscape.  We  suspect  that  much 
of  the  soil  and  weathered  rock  slabs  excavated  dt +h«>  original 
co'  >t ruction  -  and  perhaps  by  later  repairs  -  were  spread  on  the 
slopes  surrounding  to  construct  the  present  benches  and  slopes. 
Therefore,  the  existing  "overburden"  consists  of  an  uncontrolled  mass 
of  soli  and  rock  slabs  overlying  the  original  topsoil  and  sol  I -weathered 

m 

rock  prof  I le. 

Bedrock  at  the  site  consists  of  thin  to  thick  bedded  shaly  limestone  of 
the  upper  portion  of  the  Catheys  Formation.  Degradation  of  the  bedrock 
has  extended  to  depths  averaging  nearly  12  feet  below  the  existing 
ground  surface.  Locally,  severe  degradation,  apparently  i elated  to 
deformation  of  the  strata  extends  to  twenty  or  more  feet.  Weathering 
of  the  strata  has  Included  lateral  opening,  staining  and  leaching  of 
bedding  places  following  the  dip  of  the  strata,  as  well  as  similar 
degradation  along  high  angle  tension  fractures  which  crisscross  the 
site.  We  suspect  that  the  prominent  jointing  is  aligned  along 
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northeast-southwest  and  northwest-southeast  azimuths.  Joint 
frequency  may  be  on  the  order  of  ten  feet,  or  less.  Further,  we  have 
found  additional  evidence  of  bedrock  faulting  which  is  probably  not 
the  fame  fault  described  In  the  1920-21  work.  f'.-Jr  ’-relation  Is  not 
uprising  as  many  minor  faults  have  been  discovered  In  the  past  a o 
by  recent  exploration  and  construction  In  the  strata  underlying  the 
city.  Several  faults  which  seem  to  trend  across  St.  Cloud's  Hill 
are  exposed  to  the  northeast  of  the  reservoir  In  the  right  of  way 
cut  for  1-65.  The  attitude,  displacement  and  degree  of  weathering 
displayed  by  these  latter  faults  seems  to  agree  well  with  those  found 
at  the  reservoir.  We  recommend  them  as  good  examples  of  conditions 
probably  existing  In  the  subgrade  for  the  reservoir.  While  such 
faults  have  been  active  In  the  geologic  past,  they  are  now  construed 
as  inactive  In  that  movement  Is  not  likely  to  occur  along,  them,  even 
in  the  event  of  seismic  events  In  the  area.  Parenthetically,  Nashvi lie 
is  located  within  Seismic  Risk  Zone  I;  however.  It  is  "sandwiched" 
between  Zone  II  contours  to  the  east  and  west.  Assessing  the  stability 
of  such  a  structure  under  seismic  loading  Is,  at  best,  an  exercise  in 
empirical  arithmetic. 
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Static  water  levels  recorded  the  drill  holes  ?ndlccte  e  considerable 

slope  In  the  phreatic  surface,  both  normal  to  the  reservoir  and  parallel 
to  the  arc  'ome  of  the  discrepancies  «!>y  be  attributed  to  the  relative 
water-tightness  of  the  bedrock  at  the  hole,  while  c-hr  no  doubt,  reflect 
+t 3  actual  phreatic  level.  It  Is  significant  that  the  valid  water  levels 
responded  almost  immediately  when  the  effect  of  the  west  basin  static 
head  was  essentially  removed  from  the  groundwater  system. 

CONCLUSIONS  AND  RECOMMENDATIONS. 

The  structure  was  built  nearly  a  century  ago  according  to  founding  standards 
and  criteria  far  less  stringent  than  those  In  use  today.  Two  previous 
failures,  the  last  some  55  years  ago,  were,  as  best  we  can  tell,  entirely 
due  to  Inadequacies  In  the  subgrade  of  the  structure.  In  each  Instance, 
only  the  segment  affected  was  repaired.  The  records  Indicate  that  both 
times  the  foundation  was  reconstructed  on  essentially  unweathered  bedrock 
at  levels  considerably  lower  than  the  original. 

Our  analysis  of  the  data  we  have  gathered  indicates  that  this  segment  of 
the  reservoir  is  undoubtedly  existing  in  a  precarious  state  of  stability. 

All  of  the  structural  and  subsurface  parameters  contribute  to  this 
condition;  none  negate  It. 


WWfr-  - 
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The  masonry  footings  rest  on  severely  degraded  bedrock  which  contains 
residual  clay  seams  of  medium  to  high  plasticity;  i.e.,  fat,  slippery 
clays  -  whose  shear  strength  Is  substantially  lessened  when  their 
moisture  content  Is  increased. 

)ne  west  reservoir  basin  Is  leaking  -  somewhere  -  and  contributing  a 
constant  head  and  supply  of  water  to  the  sol  I -rock  system. 

The  bedrock  strata  have  a  component  of  dip  downward  and  outward  from  4 

the  affected  arc.  In  addition,  one  or  more  faults  transect  the  bedrock  I 

adjacent  to,  and  probably  extend  under,  the  reservoir  wall.  These  faulls 

are  significant  primarily  because  bedrock  weathering  has  been  intensified 

along  and  adjacent  to  them. 

A  stability  analysis  based  on  the  dete  at  hand  Indicates  that  the 

foundation  for  the  masonry  wall  is  In  a  marginal  state  of  stability  j 

and  further  changes  In  the  physical  characteristics  of  the  soil-rock 

system;  I.e.,  an  Increase  In  the  moisture  content  of  the  clays,  further 

piping  of  materials  by  the  flowing  groundwater,  seismic  events,  etc., 

could  cause  a  catastrophic  failure  if  the  full  reservoir  head  were 

imposed  at  the  time.  Separate  comments  regarding  the  stability  ana  lysis  | 

are  appended.. 


i 
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The  options  at  this  pol^t  are  numerous  and  range  f'-om  continuing  to 
operate  the  reservoir  In  a  normal  manner  to  abandoning  the  structure. 

In  order  to  recommend  further  actions.  It  Is  essential  to  know  what  the 
projected  life  of  this  facility  Is  based  on  Its  pk-  Ity  to  the 
>peratlon  of  the  system,  the  amortization  of  recent  sums  spent  on  it, 
and  so  on. 

Assuming  that  the  reservoir  must  remain  a  part  of  the  Metro  water  system 
for  the  foreseeable  future,  we  are  ready  to  discuss  what  steps  may  be 
tahen  to  restore  Its  Integrity  and  what  Information  may  be  necessary  to 
the  design  of  the  remedial  construction. 

Respectfully  submitted, 

GEOLOGIC  ASSOCIATES,  INC. 


R.  T.  Throckmorton,  Jr.,  P.E. 

RTT/mr 

Enclosures  *  Appendix  A 

Laboratory  Data 
Drawings 
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^  GEOLOGISTS  ANO  ENGINEERS 

EIGHTH  AVENUE  RESERVOIR  STASSUTY  ANALYSIS 
PROJECT  NO*  75-090 
APPEND? V  A 

A  general  stability  analysis  of  the  foundation  for  the  Reservoir  was 

performed  using  the  Wedge  Analysis  Method.  Forces  imposed  Ly  the 
structure  3rd  the  surcharge  of  the  fitJd  head  were  resolved  based 
on  the  available  structural  data  and  the  geometry  ci  foundation. 
T'-.-5  configuration  of  the  1920  failure  as  recorded  by  The  Chester 
Engineers  was  considered  In  selecting  the  boundary  for  the  active 
earth  pressures.  Potential  failure  surfaces  were  selected  after 
studying  the  weaknesses  in  the  subfoundation  materials  recovered 
by  the  core  drilling  program.  Physical  properties  of  the  soil-rock 
system  were  estimated  using  basic  laboratory  test  data. 

Owing  to  the  nature  of  the  subfoundation  materials,  significant 
variations  In  the  soil-rock  properties  occur  within  the  zone  adversely 
affected  by  the  structural  load.  The  variations  which  are  most  likely 
to  affect  the  stability  are  lateral  or  planar  features  -  namely  nearly 
horizontal,  continuous  layers  of  clay.  The  analysis  shows  that  minor 
variations  In  the  strength  of  the  clay,  as  well  as  the  position  of  the 
phreatic  surface,  have  a  substantial  effect  on  the  stability  of  the 
foundation  and  surrounding  earth  mass.  For  example,  in  some  cases  the 


Reply  to 

FRANKLIN.  TN  370$4 
61 5— 794-3596 


BRANCHES:  P.  O  BOX  9278  KNOXVIUE.  TN.  37920  615—573-7383 

2711  FT.  CAMPBELL  BLVO.  HOPKINSVILLE.  KV.  42240  502-886-0721 


Appendix  A 

Eighth  Avenue  Reservoir  Stability  Araiys<s 
Page  Two 
July  30,  1975 


margin  of  safety  for  stability  Is  increased  'ey  30*  If  the  phreatic 
surface  Is  lowered  below  the  potential  failure  surface.  Similarly, 
variation  fho  soil’s  shear  strength  on  the  order  of  700  PSF  can 
cause  j  5C*  variation  In  the  safety  factor.  Furrt.r  .  *  analysis 

*  iicates  that  a  50*  reduction  In  the  Reservoir  head  would  result 
In  an  Increase  of  40*  In  the  stability  safety  factor.  While  the 
above  analysis  Is  useful  In  assessing  the  operational  alternatives 
and  the  risks.  It  must  be  recognized  that  the  data  Is  based  on  a 
conservative  selection  of  potential  failure  surfaces.  In  actuality, 
we  cannot  be  certain  if,  and  along  what  planes,  the  instability  is 
occurring.  Determination  of  the  position  of  the  potential  failure 
surface  Is  essential  to  accurately  assess  the  stability.  Moreover, 
methods  of  remedial  treatment  will  depend  on  the  limits  anu  nature  of 
the  subsurface  movement.  These  facts  can  be  determined  only  by 
monitoring  the  dynamic  behavior  of  the  subsurface  by  means  of 
Inclinometers  installed  at  selected  locations  around  the  perimeter 
of  the  Reservoir. 

Based  on  the  stability  analysis,  we  conclude  that  under  the  influence 
of  the  full  Reservoir  surcharge,  the  stability  margin  of  safety  for 
the  subject  segment  of  the  wall  Is  on  the  order  of  l.l.  Over  the 
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long  term,  and  sustained  fui J  reservoir  condition^  the  phreatic  surface 
within  the  underlying  and  adjacent  soli  system  will  continue  to  slowly 
raise  the  moisture  content  of  the  clays,  thereby  further  reducing  their 
shear  strength. 


frm 
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Rjpiy  to 
h'PA^KU'l  TN. 
f.’.S-  704  3' 
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T'eiropol  i  tan  Government  of 

Nashville  and  Davidson  County 
Department  of  Water  and  Sewerage  Services 
Shah ! Tan  9u: *  d ■ ng 
Nashville  '  an nesses  37201 

Attenrion:  Mr.  K.  R.  Harrington,  Director 

•ntl-orren: 

Re:  Foundation  Investigation 
and  Stability  Studies, 

Phase  II,  Eighth  Avenue  Reservoir 
Nashvl I le,  Tennessee 
Project  No.  75-090 

Vie  have  completed  our  initial  investigation  of  the  subjecr  site  and 
have  discussed  it  in  detail  with  your  staff  and  consulting  engineer-. 
At  the  conclusion  of  tha  conference  held  July  30,  1975,  we  ware 
directed  to  prepare  a  proposal  outlining  a  program  of  exploration 
which  will  define  subsurface  conditions  adjacent  To  the  entire 
perimeter  of  the  structure.  Further,  portions  of  the  exp lorj Lory 
program  will  be  adapted  and  equipped  to  permit  monitoring  minute 
movements  in  the  sub-foundation  materials.  The  above  iwe-part 
program  will  proceed  essentially  concurrently. 


Wa  have  set-up  a  tentative  exploratory  program  consisting  of  cored 
holes  located  at  about  100  feet  chords  i  ironed  in  I  a  I  y  adjn  To  the 
footin':  :n;  Those  will  be  located  in  a  f.i-hion  simile  ;o 
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Holes  10  and  II  of  the  Phase  I  work.  In  addition,  cored  holes  nay  be 
spaced  on  chords  of  200  feet  some  50  feet  from  the  reservoir,  as  per 
Holes  I,  2,  3,  etc.  of  the  Initial  work.  Finally,  holes  located  ai 
the  quadrant  points,  as  per  Hole  4,  may  be  needed.  All  of  this  work 
wili  be  directed  toward  assessing  the  degree  of  bedrc  t.  weathering 
end  the  geologic  structure,  all  of  which  affect  the  long-term  stability 
of  the  reservoi r.  It  will  also  enable  us  to  confirm  the  efficiency  of 
the  repairs  (underpinning)  performed  In  years  past.  As  an  adjunct  to 
the  exploration,  we  expect  to  drill  one  hole  from  the  top  of  the 
reservoir,  through  the  wall,  and  Into  the  sub-foundation.  This  hole 
will  be  located  in  the  segment  of  wall  arc  through  which  the  present 
seepage  occurs.  It  will  be  utilized  In  studying  the  condition  of  the 
cyclopean  concrete  in  the  wall,  for  monitoring  the  level  of  any  water 
encountered,  etc. 

The  second  part  of  the  program  will  consist  of  adapting  the  drill  holes 
for  monitoring  with  an  inclinometer.  These  locations  v.  number  ahouf 
15  and  they  will  be  spaced  at  about  200  feet  centers  on  the  reservoir 
perimeter,  as  well  as  at  some  distance  away  at  the  quadrant  points  for 
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use  as  "controls”.  We  recommend  roe  use  of  this  system  ns  the  most 
sophisticated  Instrumentation  available  with  which  to  moniior  minute 
movemen+r.  :i  the  foundation  materials.  This  procedure  is  the  only 
relieve  and  efficient  means  for  detecting  a  cri  •  i  loss  in  stability 
irior  to  the  occurrence  of  increments  of  movement  sufficient  to  ecus? 
visible  distress.  Further,  the  monitoring  program  will  j  .ovide  data 
useful  In  designing  any  remedial  construction. 

Vie  will  also  permanently  install  some  ti  Itm.eters  on  the  n  ervoir  rir 
os  an  added  feature  of  the  monitc  ing  of  the  safety  of  the  structure . 

We  have  prepared  a  detailed  in-house  estimate  of  I  ha  cost  of  fhe  pro:-  n 
we  have  outlined;  we  will  be  happy  to  discuss  it  with  you  a f  your 
convenience.  Naturally,  the  program  will  bo  subject  to  change  as 
conditions  encountered  dictate.  Most  of  the  unit  prices  are  included 
in  our  Standard  Schedule  of  Fees,  which  you  have  on  file.  Adapting 
the  15  drill  holes  for  permanent  monitoring  by  inclinometer  will  b- 


chained  at  the  rato  of  $450  each.  Wo  have  nl-o  included  in  this 
estimate  eboul  150  hours  (over  a  two-month  period  -  ten  ridings  each) 
of  monitoring  the  indicators  at  $50/hour.  The  monitoring  orocess 
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requires  the  use  of  two  men  plus  the  incl  inorreter  and  readout.  The 
total  of  our  estimate  for  performing  all  of  the  ehove  described  services 
Is  $41,850.  We  leave  the  assessment  of  the  contingencies  inherent  in 
this  program  open  to  further  discussion. 

.0  appreciate  this  opportunity  to  continue  the  study,  anj  having  your 
verbal  approval,  expect  to  proceed  with  the  exploration  beginning  J‘cnd.:/, 
August  4th.  We  will  keep  you  and  your  consultants  advised  of  conditions 
encountered. 


Respectful !y, 

GEOLOGIC  ASSOCIATES,  INC. 


R.  T.  Throckmorton,  Jr.,  P.E. 


RTT/mr 

Copy:  Mr.  T.  A.  Fithian 

The  Chester  Fnglnoers 
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GEOLOGISTS  AMO  ENGINEERS 
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REPLY  TO: 

P.  O.  BOX  668 
FRANKLIN.  TN.  37064 
615-794  3S96 


Metropolitan  Government  of 

‘  Nashvl I le  ana  Davidson  County 
Department  of  Water  and  Sewerage  Services 
Stahl man  Building 
Nashvl lie,  Tennessee  3720 1 

Attention:  Mr.  K.  R.  Hafrlngton,  Director 

Gentlemen: 

Ret  Subsurface  Investigation 
Eighth  Avenue  Reservoir 
Nashvl I le,  Tennessee 
Project  No.  75-090 

The  purpose  of  this  letter  Is  to  provide  you  with  a  short  statement 
regarding  progress  of  the  subject  study. 

Subsequent  to  the  Initial  study  which  was  confined  to  the  northwest  . 
quadrant,  we  were  directed  to  proceed  with  a  detailed  exploration  of 
the  entire  structure.  As  of  October  Bth,  we  have  suspended  the 
subsurface  exploration  program  end  will  shortly  submit  a  comprehensive 
report  detailing  all  of  the  basic  data  and  our  Interpretation  of  it. 
Briefly,  we  expect  that  the  report  will  confirm  the  supposition  that 
the  subfoundation  materials  are  for  the  most  part  deeply  weathered 
end  possibly  exist  In  a  state  of  stability  having  a  low  factor  of 
safety. 
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In  order  to  properly  provide  for  the  safety  of  the  structure,  as  well 

as  the  public,  during  the  time  Interval  required  for  further  study, 

developr^t  of  plans  and  execution  of  future  remedial  work,  we  have 

* 

Ins-ailed  the  most  sophisticated  monitoring  sys+<?"!  available.  Fourteen 
Inclinometers  have  been  Installed  at  the  site*  Ten  of  these  are  located 
around  the  perimeter  of  the  reservoir;  four  are  located  elsewhere  on 
the  grounds.  Further,  Nttlt  plates"  have  been  set  on  the  top  of  the 
wall  at  the  Intersection  of  the  awes.  The  monitoring  of  all  these 
Installations  Is  In  Its  Initial  phase  and  prolonged  observation  will 
be  necessary.  As  soon  as  possible,  and  provided  that  the  data  Is 

favorable,  we  may  recommend  that  the  west  basin  be  returned  to  use  - 

* 

under  close  observation.  These,  and  other  decisions,  will  be  made 
on  a  step-by-step  basis  with  your  concurrence  and  that  of  your  other 
consulting  engineers. 

Me  are  available  to  discuss  the  details  of  our  work  at  your 
convenience. 


Yours  very  truly, 
GEOLOGIC  ASSOCIATES,  INC. 


R.  T.  Throckmorton,  Jr.,  P.E. 


RTT/mr 

Copy:  y/r.  W.  F.  Brock 

VMr.  Lester  Ml  I  Hams 
>  Mr.  John  Upham 
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SS» &S8"  THE  CHESTER  ENGINEERS 


Mr.  K.  R.  Harrington,  Director 
Department  of  Hater  l  Sewerage  Services 
8th  Floor  -  Stahlman  Building 
211  Union  Street 
Nashville,  TN  37201 
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Dear  Mr.  Harrington: 


Engineering  Report 
on  the  Stability  of 
The  Eighth  Avenue  Reservoir 


We  are  pleased  to  provide  you  with  the  accompanying  report,  prepared  in 
collaboration  with  .your  consulting  geologist.  Geologic  Associates,  Inc. 

The  report  concludes  that  the  reservoir  structure  is  in  a  marginal  state 
of  stability  because  of  its  subgrade  of  highly  weathered  rock,  interspersed 
with  clay  seams. 

The  most  feasible  means  of  increasing  the  factor  of  safety  against  failure 
of  the  subgrade  would  consist  of  the  installation  of  an  instrument  monitoring 
system,  providing  a  flexible  type  water  tight  liner  and  construction  of  a 
tendon  or  tied-back  ring  system,  anchoring  the  structure  to  sound  bed  rock. 

Our  current  estimate  of  cost  including  the  aforementioned  construction  to¬ 
gether  with  miscellaneous  structural  and  hydraulic  improvements  engineering, 
administration,  inspection  and  construction  contingencies  is  $1,960,000. 

Prior  to  proceeding  with  the  recommended  remedial  work,  we  would  suggest 
that  the  structural  integrity  of  the  walls  be  investigated  with  several 
core  holes.  Such  investigations  should  be  helpful  in  the  final  development 
of  the  monitoring  and  tendon  systems. 

At  such  time  as  you  and  your  staff  have  had  the  opportunity  to  review  the 
report,  we  would  be  happy  to  meet  with  you  to  answer  any  questions  and  to 
discuss  the  report  in  detail. 
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Very  truly  yours. 


THE  CHFSTER  ENGINEERS _ 

T.  A.  Fithian,  P.  E. 
Regional  Director 


TAF/lh 

cc:  Geologic  Associates 
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ENGINEERING  REPORT 
ON  STABILITY  OF 
THE  EIGHTH  AVENUE  RESERVOIR 


The  Chester  Engineers 
March  1976 
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ENGINEERING  REPORT 
DN 

STABILITY  OF  THE  EIGHTH  AVENUE  RESERVOIR 


PURPOSE 

The  purpose  of  this  report  is  to  provide  an  engineering 
review  of  investigations  and  technical  reports  made  on  the 
stability  of  the  50  million  gallon.  Eighth  Avenue  Reservoir. 

The  report  will  also  present  recommendations  as  to  the  most 
feasible  method(s)  to  enhance  the  stability  and  to  provide 
means  of  monitoring  movement  of  the  structure. 

GENERAL 

The  Eighth  Avenue  Reservoir  was  constructed  in  1889  and 
known  at  that  time  as  the  Kirkpatrick  Hill  Reservoir.  The 
structure  is  elliptical  in  plan;  the  minor  axis  is  463.4 
feet  and  the  major  axis  is  603  feet,  with  a  center  wall  across 
the  minor  axis.  The  tops  of  the  walls  are  eight  feet  thick 
having  an  elevation  of  676.5.  The  reservoir  floor  has  an 
elevation  of  6<»2.75  and  the  walls  at  this  level  are  approximately 
23  feet  thick. 

A  failure  occurred  in  a  portion  of  the  easterly  basin  in 
1912  which  displaced  about  200  feet  of  wall.  Examination  of 
photographs  taken  of  the  displaced  wall  leads  to  the  conclusion 
that  the  foundation  failed  or  slipped,  allowing  the  bottom  of 
the  wall  to  rao\e  laterally  outward.  The  wall  was  rebuilt  in 
1914  together  with  the  construction  of  a  perimeter  french  drain 
system,  adjacent  to  and  inside  the  east  basin  wall.  At  the 
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same  tine,  the  interior  walls  were  suited  and  the  floor  of 
the  basins  treated  with  asphalt  and  covered  with  concrete. 

In  June  of  1920,  inspection  of  the  structure  indicated 
additional  problems  in  the  east  basin  and  it  was  removed  from 
service.  Further  inspection  of  the  interior  indicated  cracks 
in  the  masonry  and  a  study  complete  with  core  holes  and  test 
pits  was  initiated.  As  a  result  of  the  stud/,  approximately 
two-thirds  of  the  affected  wall  was  underpinned  and  another 
french  drain  constructed.  As  part  of  this  work,  the  interior 
walls  of  both  basins  were  scaled  and  a  new  waterproofing  and 
gunite  system  applied.  An  additional  concrete  floor  was  in¬ 
stalled  over  the  1914  floor. 

To  comply  with  State  and  Federal  regulations,  contracts 
were  let  in  1974  to  install  covers  over  the  two  open  basins. 

The  work  included  cleaning  the  reservoir  bottoms,  guniting  the 
interior  walls  and  the  installation  of  a  butyl  rubber,  floating 
cover.  Work  on  the  easterly  basin  was  completed  in  1974  and 
work  on  the  westerly  basin  was  completed  in  March  of  1975  and 
the  basin  returned  to  operation.  Some  time  in  the  Spring  of 
1975,  seepage  through  the  lower  courses  of  masonry  was  noted 
along  the  northwest  arc  of  the  west  basin.  Since  the  seepage 
was  greater  than  that  which  had  been  previously  observed,  it 
was  decided  to  proceed  with  an  exploratory  program  directed 
toward  determining  subsurface  conditions  adjacent  to  the 
seepage  area.  Geologic  Associates  were  retained  to  make  such 
exploratory  investig? tions  and  the  data  obtained  indicated  that 
the  subsurface  an  rials  are  poor  and  do  not  provide  an 
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adequately  safe  foundation  for  the  structure.  As  a  result,  the 
west  basin  was  drained. 

Analysis  of  the  data  obtained  from  the  exploratory  investi¬ 
gations  indicated  that  it  would  be  prudent  to  investigate  the 
foundation  of  the  entire  structure.  Such  work  was  performed 
and  a  report  prepared  and  submitted  by  Geological  Associates 
in  November  of  1975.  A  copy  of  that  report  is  appended  hereto, 
containing  a  detailed  history  of  the  reservoir  together  with 
a  detailed  description  of  the  exploration  and  testing. 

In  essence,  the  investigations  indicated  that  the  reservoir 
structure  is  founded  on  bed  rock  overlain  with  highly  weathered 
rock,  interspersed  with  clay  seams.  These  clay  seams  become 
saturated  from  seepage  from  the  reservoir  and  provide  slippage 
planes.  It  is  the  conclusion  of  the  geological  experts  that 
the  reservoir  is  in  a  marginal  state  of  stability  with  respect 
to  the  subgrade. 

POSSIBLE  SOLUTIONS 

In  order  to  increase  the  factor  of  safety,  six  (6) 
possible  solutions  have  been  proposed  for  rehabilitation  of 
the  existing  structure.  In  addition,  a  seventh  alternate  of 
abandoning  the  Eighth  Avenue  Reservoir  and  constructing  a  new 
reservoir  at  a  different  site  was  investigated,  however,  due  to 
the  lack  of  adjacent  high  elevation  tonography  and  due  to  the 
high  cost  of  construction  of  a  structure  of  comparable  capacity 
(estimated  $10  million  dollars),  this  alternate  was  given  low 


to  injov.Linji  c orient  or  chemicii  grouts  into  the  subgrade, 
presumably  to  strengthen  the  foundation  and  reduce  leakage. 
Both  geological  consultants.  Geological  Associates  and 
Shannon  and  Wilson,  question  in  their  reports  (copies 
appended)  the  feasibility  of  grouting.  Neither  consultant 
believes  that  grouting  is  a  viable  solution. 

2.  Waterproofing :  Seepage  through  the  walls  and  subgrade 
must  be  reduced  to  acceptable  limits.  Plasticity  of  the 
underlying  clay  seams  is  directly  proportional  to  moisture 
content  and  therefore  material  reduction  of  seepage  is 
paramount.  Because  of  the  fact  that  the  inside  walls  of 
the  reservoir  have  recently  been  regunited,  it  is  probable 
that  seepage  is  occurring  through  the  bottom  slabs  and 

the  joint  between  the  walls  and  bottom.  A  flexible  type 
lining  would  materially  reduce  seepage  and  would  also 
overcome  detrimental  effects  to  water  tightness  caused 
by  thermal  movement  within  the  structure. 

The  lining  of  each  basin  can  be  accomplished  by 
utilization  of  the  existing  flexible,  floating  covers, 
by  the  removal  of  the  floats  and  recementing  the  seams. 

The  floats  would  then  be  reused  for  the  installation  of 
new  covers.  The  estimated  cost  of  providing  linings  and 
covers  for  both  basins  is  S560,000. 

3.  Underpinning :  The  1921  remedial  work  consisted  of 
excavating  narrow  pits  beneath  a  portion  of  the  existing 
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wall  and  backfilling  with  concrete.  Such  underpinning 
work  would  of  necessity  need  to  he  accomplished  by 
hand  without  use  of  explosives  and  need  to  be  staggered 
in  order  to  maintain  the  integrity  of  the  walls.  Such 
work  would  be  tedious  and  extremely  expensive.  We  estimate 
the  cost  to  be  in  excess  of  $6  million  dollars. 

4.  Drilled  Piers:  To  prevent  slippage  of  the  foundation 
material  a  possible  solution  would  consist  of  a  series  of 
drilled  piers,  installed  around  the  periphery  of  the  struc¬ 
ture,  tied  together  at  the  ground  surface  with  a  post- 
tensioned  ring.  Investigation  of  this  proposal  indicates 
that  the  potential  failure  mode  would  be  that  of  shear 
along  one  of  the  clay  layers.  Preliminary  design  of  such 

a  system  indicates  approximately  400  piers  would  be  re¬ 
quired  with  concrete  cap  at  an  estimated  cost  of  about 
$1.34  million. 

5.  Enlarge  Capacity  and  Underpin:  This  possible  solution 
would  entail  excavation  of  the  reservoir  bottoms  to  an 
elevation  of  approximately  630.  This  would  then  allow 
"openface"  mining  of  the  foundation  material  under  the  walls 
for  underpinning.  This  solution  would  have  the  advantage 

of  doubling  the  capacity  of  the  storage  volume  but  would 
entail  the  disadvantage  of  requiring  the  entire  reservoir  to 
be  removed  from  service  and  would  be  extremely  more  costly 
than  the  underpinning  described  under  3  above. 

6.  Tendons :  This  solution  would  consist  of  a  system  of 
circumferential  beams,  anchored  to  sound  bedrock  with 
inclined  tension  anchors.  The  system  would  be  constructed 
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by  installing  beams  or  a  ring  around  the  outside  circum¬ 
ference  of  the  reservoir,  drilling  holes  on  lb  foot  centers 
into  sound  bedrock,  and  inserting,  anchoring,  grouting, 
testing  and  locking  off  a  suitable  bar  or  stranded  tendon 
at  a  precent  of  the  design  load.  A  sketch  of  this 
solution  is  shown  in  the  appended  Shannon  and  Wilson 
report  and  the  appended  Chester  Engineers  calculations. 

We  have  made  a  preliminary  estimate  of  this  scheme  and 
it  appears  that  this  work  could  be  accomplished  for  approxi¬ 
mately  $760,000. 

MON 1T0RING  INSTRUMENTATION 

Investigations  to  date,  combined  with  prior  history,  indicate 
that  the  condition  of  the  foundation  is  of  marginal  stability. 

It  is  proposed  that  a  system  of  instrumentation  be  installed 
that  would  both  assist  in  construction  of  any  permanent  repairs 
and  would  also  provide  an  early  warning  of  small  detectable  move¬ 
ments.  The  system  would  consist  of  18  instruments  spaced  at 
about  90-foot  centers.  Each  instrument  would  include  1/4-inch 
tubing  or  rod  encased  in  1/2-inch  PVC  tubing,  all  installed  in 
a  2- inch  diameter  hole  drilled  into  sound  rock  on  a  30  degree  angle. 
One  end  of  the  tubing  or  rod  would  be  anchored  into  the  rock, 
the  other  end  attached  to  a  linear  potentiometer  sensor.  All 
sensors  would  be  connected  by  underground  cable  to  a  central 
control  terminal  which  would  continuously  scan  and  record  outputs 
and  sound  an  alarm  if  preset  limits  were  exceeded.  It  is  estimated 
that  the  cost  of  this  equipment  would  approximate  $26,000  and  the 
cost  of  drilling  and  installation  would  approximate  $7000  or  an 
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estimated  total  of  $33,000.  A  more  detailed  description  of 
this  instrumentation  is  contained  in  the  appended  Shannon  and 
Wilson  report. 

MISCELLANEOUS  IMPROVEMENTS 

In  addition  to  improving  the  structural  integrity  of  the 
reservoir  with  the  a foredi scussed  tendon  system  and  waterproof 
lining,  certain  other  miscellaneous  improvements  should  also  he. 
made  at  this  facility. 

It  is  recommended  that  a  concrete  slah  be  constructed  around 
the  outer  periphery  of  the  reservoir,  extending  from  the  proposed 
tied-back  ring  to  the  existing  drive.  The  purpose  of  this  pave¬ 
ment  slab  would  he  to  divert  water  away  from  the  exterior  of  the 
structure  and  thus  away  from  the  reservoir  wall  foundation. 

Several  large  valves  and  a  sluice  gate  nav;  becoir.  *  in¬ 
operable  since  first  installed  in  1889.  These  valves  and  gates 
are  vital  factors  in  the  proper  operation  of  the  reservoir.  In 
addition,  it  is  recommended  that  an  attitude  valve  be  installed 
in  the  influent  line  which  will  provide  more  satisfactory  operation 
in  filling  the  reservoir  and  in  diverting  flow  to  other  reservoirs 
on  the  general  service  pressure  system.  Estimated  costs  for  this 
hydraulic  work  are  quite  high  due  to  the  absolute  necessity  of 
installing  valves  and  tapping  the  lines  while  the  system  and 
reservoir  remains  in  service  to  provide  fire  protection  to  the 
central  business  district. 

Other  miscellaneous  work  that  needs  to  be  accomplished  at 
the  reservoir  to  enhance  its  operation,  are:  the  rewiring  of 
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the  I'atc  house  and  reservoir  lighting  system;  provision  of 
adequate  toilet  facilities  for  operating  personnel;  and  re¬ 
habilitation  of  the  interior  of  the  gate  house  structure.  The 
estimated  cost  of  construction  of  the  recommended  miscellaneous 
improvements  is  $3S0,0G0. 

RECOMMENDATIONS 

It  is  the  consensus  of  opinion  of  Mr.  R.  T.  Throckmorten ,  Jr., 
Geological  Associates,  Mr.  Rudy  J.  Dietrich,  Shaunor  and  Wilson, 
Inc.,  Mr.  Williiam  I.  Gardner,  Consulting  Engineering  Geologist  and 
The  Chester  Engineers  that  the  most  feasible  means  of  increasing 
the  factor  of  safety  against  failure  of  the  subgradc  would  consist 
cf  the  following : 

1.  Immediately  install  the  recommended  extensometer  system 
both  prior  to  refilling  the  west  basin  and  prior  to  any 
permanent  repair  work. 

2.  Convert  existing  flexible  type  covers  to  water  tight 
liners  and  install  new  flexible,  floating  covers. 

3.  Construct  the  tendon  or  tied  ring  system  as  described 
under  paragraph  6,  anchoring  the  structure  to  sound 
bedrock. 

4.  Miscellaneous  improvements  including  new  and  replace¬ 
ment  valving  and  controls,  waterproofing  slab,  rehabili- 

i 

tation  of  gate  house,  rest  room  facilities  and  rewiring. 

The  present  total  estimated  construction  cost,  as  shown  on 
the  following  summary  sheet,  is  $1,703,000.  Adding  approximately 
fifteen  percent  (+.  15»)  to  cover  engineering,  administration. 


inspection  and  construction  cont ingenc ies  would  equate  to  a 
total  estimated  project  cost  of  Sl,?60,000. 


Respectfully  submitted, 
THE  CHESTER  ENGINEERS 


T.  A.  Fithian,  P.  E. 


SUMMARY 


ESTIMATE  OF  COSTS 
EIGHTH  AVENUE  SOUTH  RESERVOIR 


1.  Tied-back  Ring  fi  Tendon  System 

2.  Monitoring  Instrumentation 

3.  Lining  and  New  Cover 

4.  Miscellaneous  Improvements 

a.  Concrete  Waterproofing  Slab 

b.  Rehabilitation  Interior  Valve 

Control  Building 

c.  Replacement  of  West  Basin 

Influent  Gate 

d.  Effluent  36"  Insert  Gate 

Valve  5  Vault 

e.  Influent  36"  Insert  Gate 

Valve,  2-50"  Tapping 
Sleeves  5  Valves, 

30"  Altitude  Valve  and 
Vaults 

f.  New  Restroom  Facilities 

g.  Rewiring  of  Gate  House  5 

Reservoir  Lights 


$90,000 

7,000 

15,000 

60,000 


160,000 

3,000 

15,000 


$  760,000 

33,000 
560,000 


_ 350,000 

$1,703,000 

257,000 

$1,960,000 


Sub- total 

Contingencies  5  Engineering  (^.l  5$) 
TOTAL  ESTIMATED  PROJECT  COST 
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TIED -BACK  R  I  Nl?  RF.AM 


A  circumferential  ring  beam  has  been  designee1,  around  the  base 
of  the  reservoir  and  this  beam  will  be  anchored  to  sound  rock 
with  inclined  tension  anchors.  This  scheme  is  illustrated  in 
Figure  4  and  Figure  5  of  the  Shannon  and  tVilson,  Inc.  Stability 
Review  of  January,  1976. 

Their  report  states  that  stability  can  be  attained  by  increasing 
the  factor  of  safety  against  horizontal  sliding  by  0.5,  thus 
providing  an  additional  horizontal  resisting  capacity  equal  to 
50  percent  of  the  existing  horizontal  hydrostatic  thrust,  which 
would  be  equal  to  IS  lips  per  ft.  It  is  their  opinion  that 
with  this  method  we  would  not  have  to  anchor  the  reconstructed 
or  underpinned  sections  of  the  wall.  Geologic  Associates  concurs 
with  this  conclusion, 

We  have  designed  a  ring  girder  which  is  detailed  on  accompanying 
sketches  #1  and  #2.  '*he  elevations  of  this  girder  vary  and  are 
based  on  the  base  elevations  of  the  wall.  We  have  enclosed  one 
detail  of  the  girth  beam  which  shows  the  typical  size  and 
reinforcing . 

The  basis  of  design  for  the  beams  are: 

A)  15'-0"  anchor  spacing 

B)  Compressive  s  :ress  between  the  beam  and  masonry  wall 
1875  p . s . f . 

C)  Compressive  stress  on  bottom  of  girth  beam  3700  p.s.f. 

D)  No  girth  beam  required  at  the  wall  sections  where  the  1914 
and  1921  reconstruction  took  place 

E)  225  per  anchor  loading  lateral  force 

F)  Required  anchor  force:  225  kips  *  260  kip  anchor  force 

cos  30° 

We  have  prepared  a  cost  estimate  on  the  cost  of  the  tie  back 
system . 

I 

1.  No.  of  tendons  required:  108 

Length  of  tendons  vary  from  41*  to  83'  with  15'  min 

embedment  into  sound  rock 

Total  length  of  tendons  equal  6800' 

The  cost  of  tendons:  6800’x  $20/ft  $136,000 
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Cost  estimate  of  tie  hack  system  (continued) 


Subtotal  from  previous  page  .... 

.  $136,000 

2. 

Concrete  Girth  beam  2100  c.y.  x  $175 

367,500 

3. 

Reinforcing  65  tons  x  $800 

52,000 

4. 

Excavation  6200  x  $6  c.y. 

37,200 

5. 

Backfill  4100  c.y.  x  $2  c.y. 

8,200 

Subtotal 

$600,900 

Contractor's  Overhead  =*  151 
Contractor's  Profit  -  61 

Subtotal 

$126,189 

General  Requirements 

4.51  Total  Construction  Cost 

4.51  ($600,900) 

$  27,040 

TOTAL 

$754,129 

The  second  method  that  we  investigated  was  the  drilled  piers 
with  a  nominal  cap  beam. 

The  stability  analysis  performed  by  Geologic  Associates,  Tnc.,  i 
predicated  on  a  potential  mechanism  of  failure  along  a  surface 
approximated  ty  a  series  of  planes  -  in  this  case  nearly  horizon 
tal  clay  seams.  Because  of  this  potential  type  of  failure,  the 
primary  mode  of  resistance  of  a  system  of  piers  would  aprear  to 
be  in  shear  rather  than  in  cantilever  bending. 

For  our  cost  estimate,  we  have  assumed  the  thin  failure  plane 
and  have  assumed  the  horizontal  pressure  to  be  distributed 
uniformly  above  this  plane  to  the  drilled  piers. 

Below  the  failure  plane  we  have  assumed  the  drilled  piers  will 
resist  the  loading  by  passive  pressure  against  the  piers.  The 
details  are  shown  on  the  enclosed  sketch. 

The  drilled  piers  are  closely  spaced  together  and  should  have 
the  same  effect  as  a  continuous  wall. 

A  cost  estimate  for  the  installation  of  the  drilled  piers  is 
shown  on  the  following  nage. 
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The  cost  estimate  for  the  drilled  pier  system  will  be  as 
follows; 

1.  271-27'  drilled  piers  =  7,517 

6S-18'  drilled  piers  3  12,241 

()\’F  50  x  152)  132  x  8541  '  -  So 4  ton 

72-20'  drilled  piers  =  1,440 

(WF  24  x  76)  76  x  1440  =  S5  ton 

Total  for  structural  steel  sections  used 

in  the  drilled  piers  (619  tons)  ($ S00)  =  $  495,200 

• 

Total  drilled  piers  (9981  lin. ft. ) ($15)  «  149,715 

2.  Concrete 

Concrete  cap  3'  x  2'  (408  c.y.)  ($175)  71,400 

3.  Reinforcing  (12  tons) ($800)  9,600 

4.  Concrete  around  piers  (1814  c.y.) ($75)  ‘  136,050 

5.  Excavation  6200  c.y.  x  $6/c.y.  37,200 

6.  Backfill  5792  c.y.  x  $2/c.y.  $  11,584 

*  '  Subtotal  $  911 , 244 

Contingencies  (105) .Contractors  OH5P  (151)  $  227,811 

•  *' 

TOTAL  $1,339,055 
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GEOLOGIC  ASSOCIATES,  INC. 

GEOLOGISTS  AND  ENGINEERS 

November  25,  1975 


Metropolitan  Government  of 

Nashville  and  Davidson  County 
Department  of  Water  and  Sewerage  Services 
Stah Iman  Bui  1 di ng 
Nashville,  Tennessee  37201 

Attention:  Mr.  K.  R.  Harrington 

Gent  I emen : 

Re:  Subsurface  Inve itlgation 
Eighth  Avenue  F.ase-voir 
Nashvi I le,  Tennessee 
Project  No.  75-090 

With  reference  to  the  above  site,  we  have  completeo  the  second  phase 
S* /  of  the  subsurface  exploration,  have  analyzed  all  of  th<  data  gathered 

to  date  and  present  the  latter  and  our  conclusions  herewith.  Further, 
we  have  installed  fourteen  inclinometers  In  a  pattern  surrounding  the 
reservoir  which  will  permit  us  to  monitor  movements  within  the  soil 
and  rock  mass  comprising  the  sub foundation.  We  have  a  iso  placed  four 
tiltmeters  on  the  top  of  the  reservoir  wall  at  its  inttrsection  with 
the  axes.  As  we  have  pointed  out,  these  monitoring  systems  will  serve 
several  purposes  in  addition  to  monitoring  the  stability  of  the 
structure.  For  example,  we  expect  that  the  data  will  be  of  value  in 
determining  the  scope  and  to  some  extent  the  design  of  any  remedial 
work  undertaken. 
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It  seems  obvious  to  us  that  the  first  order  of  business  Is  to  decide 
what  are  reasonable  limits  to  the  projected  life  span  of  tne  structure, 
especially  under  various  conditions  of  repair  and  operations. 

Subsequently,  the  various  suggestions  made  here,  and  those  which  may 
be  developed,  can  he  considered  In  their  proper  order  and  assessed  as 
to  thel r  feasibi II ty. 

In  the  Interim,  we  will  continue  to  monitor  the  structure  and  will 
submit  supplemental  reports  as  facts  and  interpretations  o?  them  are 
available,  as  they  nay  well  affect  the  continuing  operation  of  the 
structure. 

In  conclusion,  we  are  available  to  discuss  the  data  and  our  recommendations 
at  your  convenience. 

Respect  fully  s  ubm 1 tted , 

GEOLOGIC  ASSXIATES,  INC. 


R.  T.  Throckmorton,  Jr.,  P.E. 


RTT/mr 

Copy:  Mr.  Ted  Fithlan 
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Drawings,  7 
Appendices,  3 
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SUBSURFACE  INVESTIGATION 
EIGHTH  AVENUE  RESERVOIR 
NASHVILLE,  TENNESSEE 
PROJECT  NO.  75-090 


BACKGROUND  OF  THIS  STUDY. 

In  the  latter  part  of  1974,  cleaning  of  the  basins  -  fir  the  first  time 
in  about  forty  years  -  was  completed,  along  with  some  other  construction 
efforts  which  included  guniting  the  inside  surfac ?  of  the  walls.  The 
west  basin  was  restored  to  operation  during  March  1975.  Later  In  the 
Spring,  seepage  through  the  lower  courses  of  masonry  was  noted  along 
the  north-northwest  arc  of  the  west  basin.  Although  tils  area  had 
displayed  evidence  of  seepage  for  some  years,  the  volume  of  "new" 
leakage  exceeded  any  noted  previously. 

Initial  observations  seemed  to  indicate  some  diurnal  influence  in  that 
flows  Increased  during  the  afternoon  hours  when  the  sun's  rays  bore  most 
directly  on  portions  of  the  wall.  Flows  decreased  or  ;eased  altogether 
during  the  evening  and  morning  hours. 

On  May  22,  1975,  the  writer  first  inspected  the  s  te  In  the  company  of 
Department  engineers  and  consultants.  Subsequently,  we  were  directed 
to  begin  an  exploratory  program  directed  toward  determining  subsurface 
conditions  adjacent  to  the  visibly  affected  segmenf  of  the  reservoir 
wall. 
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Data  obtained  during  the  first  phase  of  exploration,  which  consisted  of 
eleven  core  drill  holes,  indicated  that  the  engineer'ng  qualities  of  the 
subsurface  materials  are  very  poor,  to  the  extent  that  the  subject  arc 
of  the  wall  undoubtedly  exists  In  a  precarious  state  of  stability. 

Owing  to  the  fact  that  continuing  seepage  of  water  I n+o  the  subgrade 
could  only  further  reduce  the  integrity  of  the  foundation  system,  the 
west  basin  was  drained  -  and  remains  so.  Our  initial  study  also  hinted 
at  the  fact  that  perhaps  much  of  the  remainder  of  the  reservoir's 
substructure  rested  or.  potentially  unstable  materials. 

At  the  conclusion  of  a  conference  held  July  30th,  at  which  time  the  data 
then  In  hand  were  presented  in  some  detail,  we  were  dl reeled  to  propose, 
and  subsequently  perform,  a  program  of  exploration  and  analysis  which 
would  define  subsur'ace  conditions  adjacent  to  the  entire  perimeter  of 
the  structure.  At  that  time  we  also  proposed  installing  the  monitoring 
system  described  in  the  transmittal  letter  for  this  report. 

This  report  includes  all  of  the  data  accumulated  since  last  May,  as 
well  as  our  considered  opinions  based  on  the  facts  as  we  understand 
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HISTORY. 

More  than  usual,  a  knowledge  of  the  history  of  th >  construction  and 
operation  of  this  structure  Is  essential  to  an  un Jerstandi ng  of  Its 
present  status  and  as  a  means  of  inferring  subsurface  conditions  which 
cannot  be  firmly  established  by  exploration. 

At  the  outset,  we  remark  that  a  pursuit  of  the  details  of  original 
construction,  ar.d  reconstruction,  has  been  largelv  a  frustrating 
experience  in  that  large  gaps  exist  In  the  record  However,  as  soon 
as  possible,  we  Intend  to  further  research  the  history  of  the 
engineering  of  this  structure.  What  follows  is  a  recapitulation  of 
the  operational  history  derived  from  the  data  we  now  have. 

Construction  of  the  Eighth  Avenue  South  Reservoir  on  Kirkpatrick  Hill 
began  In  August  1887,  and  was  completed  two  years  later.  For  many 
years  It  was  referred  to  as  the  "Kirkpatrick  Hill  Rese-voi r",  or  more 
simply  as,  "The  Reservoir." 

The  reservoir  is  elliptical  in  plan;  the  minor  axis  Is  463.4  feet  and 
the  major  axis  is  603  feet  In  length.  A  wall  along  tha  minor  axis 
divides  the  reservoir  Into  two  basins,  each  hotdi  \g  in  excess  of 
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25,000,000  gallons.  The  reservoir  Is  oriented  with  the  minor  axis  at 
about  NI6°E.  The  dividing  wall  was  required  Initially  to  permit  use 
of  the  west  section  as  a  raw  water  coagulation  and  setMIng  basin; 
the  east  basin  was  used  for  storage  of  "treated"  water. 

We  have  been  unable  to  determine  who  designed  the  structure,  but  some 
old  drawings  are  available  which  show  that  a  stability  analysis  was 
made  for  a  typical  wall  section  under  the  Influence  of  the  Imposed 
hydraulic  forces.  The  structure  Is  of  the  gravity  type  in  that  the 
hydraulic  forces  are  resisted  solely  by  the  mass  of  the  wall.  The 
perimeter  and  dividing  walls  were  constructed  of  cut  stone  masonry 
facing  with  a  stone  rubble  fill  between.  The  interst'ces  of  the  rubble 
were  filled  with  concrete  to  produce  a  mass  often  referred  to  as 
"cyclopean  concrete".  Ihe  walls  are  battered  on  an  arc  and  have 
differing  inside  and  oulside  radii.  Nominally,  the  walls  are  eight 
feet  wide  at  the  tcp  (elevation  676.5),  while  at  the  basin  floor 
(elevation  642.75)  tha  walls  are  nearly  23  feet  In  width.  Parenthetically, 
at  some  locations  we  have  determined,  and  others  previously  reported, 
that  the  wall  Is  36  feet  or  more  in  width  at  its  contact  with  the 
subgrade.  (See  Append iy  B). 
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Construction  was  Initiated  in  1887  by  the  firm  of  Whltsitt  and  Adams 
and  completed  at  a  cost  of  nearly  $365,000.  We  have  teen  unable  to 
locate  any  records  of  construction;  however,  we  are  quite  sure  (based 
on  logic  and  livhology)  that  the  stone  masonry  was  obtained  from  the 
quarry  located  on  a  hill  within  view  of  the  reser'oir  to  the  north  near 
Archer  Street  and  10th  Avenue,  South.  (The  quarry  is  no  longer  in 
operation  and  has  been  filled.)  We  presume  that  the  stone  was  supplied 
on  a  "low  bid"  basis  as  it  certainly  was  not  selected  for  either  its 
durability,  or  ease  of  quarrying,  for  that  matter.  Tta  stone  is  shaly, 
thin  to  medium  bedded,  occasionally  nodular,  poor'y  resistant  to 
weathering,  and  certainly  not  very  handsome.  The  quarrymen  apparently 
could  not  constantly  supply  blocks  of  uniform  dimensions,  consequently, 
there  is  no  uniformity  to  the  number  of  masonry  ccirses  from  place  to 
place.  Obviously,  the  stone  masons  had  to  make-do  with  what  was 
delivered.  The  poor  resistance  of  the  stone  to  weathe'ing,  especially 
under  the  action  of  smoke  acids,  frost  pry,  and  w  tting  and  drying,  has 
caused  the  faces  of  the  masonry  blocks  to  retreat  as  much  as  six  Inches 
In  some  places.  Also,  the  Intervening  mortar  has,  undjrstandably, 
weathered  differentially.  While  this  differential  weathering  is 
unsightly.  It  has  nad  essentially  no  effect  on  the  existing  structural 
Integrity  of  the  wall.  Nonetheless,  before  too  long  ir  will  j  necessary 
to  consider  methods  of  arresting  the  continued  surface  degradation  of  the 
slone  by  weathering  processes. 
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Based  on  the  subsurface  exploration,  we  have  determined  that  the  present 
configuration  of  the  hill  bears  little  resemblence  to  the  original 
topography.  The  c»*est  of  the  hill  must  have  been  smaller  In  area  and 
somewhat  higher  In  elevation.  The  soil  and  weathered  rock  removed 
during  grading  for  the  structure,  as  well  as  the  portion  of  the  wall 
destroyed  by  the  19-2  failure,  have  been  used  as  uncontrolled  fill  to 
construct  the  slopes  and  berms  which  now  comprise  the  grounds.  A 
perusal  of  Profiles  B  and  F,  as  well  as  logs  of  Holes  30  and  35,  will 
give  some  Indication  as  to  the  amount  of  fill  which  has  been  added 
from  place  to  place. 

Another  Indication  that  perhaps  the  original  construction  was  less  than 
first-class  is  the  fact  that  numerous  historical  references  are  found 
alluding  to  the  fact  that  the  reservoir  leaked  from  the  time  It  was 
placed  In  operation.  The  Mayor's  Annual  Message  for  1912  notes  that 
the  failure  which  occur.-ed  that  year  was,  "directly  due  to  faulty 

construction  .  many  years  ego."  We  suspect  that  this  was  a 

fact  and  not  entirely  due  to  a  need  to  pass  the  political  buck! 

Further,  the  1912  Report  of  Waterworks  Department  states,  "There  has 
been  considerable  leakage  from  the  reservoir  ever  since  It  was  built." 

At  any  rate,  prior  to  1912,  the  city  struggled  along  for  23  years  with 
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a  relatively  new  structure  which  leaked,  and  apparent!'  with  neither 
the  time  nor  the  funds  with  which  to  take  it  out  of  sen  ice  and  repair 
It. 

By  "reading  between  the  lines",  we  believe  that  the  reservoir  could  not 
be  emptied  for  some  time  prior  to  the  1912  failure  owi  ic  to  work  in 
progress  on  the  main  sewer  into  which  it  drained.  The  . at+er  work 
was  presumably  being  hurried  along  not  because  of  alarm  at> the  volume 
of  leakage,  but  because  the  basins  were  badly  in  need  o.  cleaning  of 
sediment. 

A  few  minutes  after  midnight  on  November  5,  1912,  e  segment  of  the 
east  basin  wall  approximately  200  feet  in  length  was  dirplaced  and  a 
flood  of  water  (the  basin  was  essentially  full)  roai  ed  oownhill  toward 
Argyle  Street  and  Eighth  Avenue.  Old  photographs  which  we  have  had 
copied  and  enlarged  permit  considerable  insight  into  tht  mechanism  of 
the  failure,  as  well  as  attest  to  the  force  of  the  wall  of  water  which 
cascaded  down  the  hill.  Photographs  show  that  the  force  of  the  flow 
was  sufficient  to  sweep  away  the  fill  placed  on  the  hi  I. side  and  scour 
the  natural  ground  to  bedrock. 
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A  tribute  to  the  strengfh  of  the  reservoir  wail  is  the  fact  that  a 
section  about  100  feet  in  length  remained  intact  as  it  was  displaced 
outward  and  downh i I » . 

The  affected  segment  consisted  of  most  of  the  southeast  quadrant  of 

the  east  basin.  (See  Sheet  A).  We  have  not  found  any  engineering 

analysis  of  the  failure  nor  any  records  pertaining  to  the  details  of 

reconstruction;  ho'/ever,  we  have  reason  to  believe  that  a  Mr.  Rudolph 

* 

Herlng,  "of  New  York  City",  may  have  served  as  a  consultant  to  the 
city  during  the  repairs.  He  was  Involved  In  a  furthe"  study  of  the 
west  basin  In  1914,  and  by  inference  we  assume  he  had  been  working 
for  the  city  prior  to  that  time. 

Subsequent  to  the  failure,  we  believe  some  time  passed  before  recon¬ 
struction  was  undertaken  while  discussions  were  held  regarding  abandoning 
the  site  in  favor  of  a  new  location.  At  any  rate,  the  reservoir  was 
ultimately  repaired  at  a  cost  of  about  $100,000.  A  discussion  of  the 
visible  extent  and  nature  of  the  repairs  appears  further  in  our  report. 
However,  we  mention  here  that  during  the  reconstruction,  in  addition 
to  rebuilding  the  wall,  a  perimeter  french  drain  system  was  installed 
adjacent  to  and  Inside  of  the  east  basin  wall  and  was  drained  to  the 
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exterior  at  a  point  near  the  northern  extremity  of  the  reconstructed 
section.  The  east  basin  was  placed  In  service  again  ii  1914.  As 
soon  as  the  latter  was  restored  to  service,  the  west  fcasin,  which  had 
been  operated  at  a  reduced  head  in  the  interim,  was  drained  and  cleaned 
of  sediment  by  prisoners  working  around  the  clock  Mr.  Hering  apparently 
had  recommended  some  extensive  repairs  to  the  west  basin  which  were 
subsequently  deleted  from  the  program  after  he  re-examined  the  basin. 
Finances  may  well  have  influenced  the  decisions,  because  the  cost  of 
the  repairs  to  the  west  basin  were  reduced  from  an  estimated  $45,000 
to  $27,000.* 

Owing  to  the  fact  that  numerous  allusions  were  ma  ie  in  the  above  report 
to  "water  proofing",  we  presume  that  the  west  basin  was  leaking  nearly 
as  badly  as  the  east  basin  had  leaked. 

Nonetheless,  during  1914,  six  test  pits  were  dug,  "aroind  the  foot  of 
the  west  basin  for  the  purpose  of  finding  leaks  and  also  for  examining 
the  foundation  for  weak  places."*  At  one  location,  "a  very  heavy 
buttress  of  concrete  was  built,"*  to  cover  a  weak  place.  We  have  not 

*  Annual  Report,  Waterworks  Department,  1914 


n 
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encountered  this  "buttress"  during  the  recent  exploration,  unless  it 
Is  possibly  the  concrete  slab  found  during  excavation  of  Test  Pit 
No.  1. 

As  a  further  adjunct  to  the  1914  reconstruction  and  repairs,  the  Interior 
of  the  walls  was  gun i ted  and  the  floor  of  the  basins  was  treated  with 
asphalt  and  overlaid  with  concrete.  Most  of  the  $27,000  was  probably 
spent  on  this  effort.  It  seems  obvious  that  the  concensus  was  concerned 
primarily  with  preventing  leakage  from  the  structure  and  little  consideration 
was  given  to  conditions  in  the  subgrade,  except  for  the  fact  that  they 
could  deteriorate  further  if  subjected  to  flowing  water. 

Finally,  in  1914,  regrading  and  improving  of  the  reservoir  grounds,  etc., 
were  completed  to  essentially  the  existing  configuration. 

Apparently,  a  close  watch  was  kept  on  the  reservoir  after  the  1912 
disaster,  and  when  distress  again  was  noted  in  June  1920,  forces  were 
quickly  mobilized  to  analyze  the  situation. 

Mr.  J.  N.  Chester,  Pittsburgh,  Pennsylvania,  was  engaged  as  a  consultant 
to  head  an  engineering  committee  com,  ised  of  Messrs  McDonald,  Simpson 
and  Brown.  When  the  east  basin  was  again  removed  from  service,  inspection 
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of  the  Interior  revealed  a  horizontal  crack  In  the  masonry  wall  about 
26  feet  below  the  top  (6-7  feet  above  the  basin  Moor)  extending 
approximately  120  ‘eet  to  the  north  from  the  east  end  of  the  major 
axis.  From  the  committee's  description  of  the  visible  distress,  we 
guess  that  the  base  of  the  wall  had  shifted  sllgh  ly  downward  and  outward. 
Only  minor  vertical  cracking  In  the  lower  masonry  courses  was  noted  on 
the  exterior.  This  distress  was  cause  for  considerabl  j  alarm  as  It  was 
essentially  adjacent  to,  and  north  of,  the  segment  which  failed  In  1912. 
(See  Supplemental  Plan,  Sheet  A). 

The  exploration  conducted  for  this  study  was  rath<  r  extensive  and  is 
much  better  documented  than  any  previous.  At  lea*  t  14  exploratory 
holes  were  cored  inside  and  outside  the  basin.  Including  three  drilled 
from  the  top  of  the  wall  through  the  affected  segment.  At  least  one 
hole  (No.  9)  was  a.igled  at  45°,  and  a  horizontal  hole  was  drilled  under 
the  wall  from  a  test  pit.  Regarding  the  test  pits,  at  least  8  were 
excavated  in  order  to  view  subfoundation  condltiois.  During  this  work 
the  committee  came  to  believe  that  a  "fault"  foun<  in  Test  Pit  No.  8 
extended  under  the  east  basin  along  a  line  which  projected  Its  exit 
Just  east  of  the  south  minor  axis.  Three  test  pits  were  excavated  in 
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this  latter  area,  which  lies  just  to  the  south  and  west  of  the  1914 
reconstruction.  We  emphasize  that  the  area  affected  and  treated  in 
1920-21  essentially  bracketed  the  1912  failure  area.  (See  Sheet  A). 

The  core  drilling  in  1920  was  under  the  direction  of  Captain  George 
Reyer,  Superintendent  of  Water  Works,  and  the  logs,  although  sketchy, 
are  of  value  In  that  they  reveal  poor  subsurface  conditions,  such  as 
cavities,  loss  and  emigration  of  drill  water  and  dye  from  place  to 
place,  etc.  We  presume  that  the  drilling  was  done  by  skilled  journey¬ 
men,  yet  the  core  recovery  averaged  less  than  68$.  Even  allowing  for 
the  fact  that  drilling  und  coring  equipment  at  that  time  were  far  less 
sophisticated,  and  core  recovery  would  be  expected  to  be  less  than 
with  present  tools,  all  of  the  cored  holes  indicated  that  a  deeply 
weathered  bedrock  condition  existed.  The  engineering  committee  and 
Mr.  Chester  described  the  presence  of  faults,  enlarged  high-angled 
fractures  ("cutters")  and  softened  shale  layers  in  the  core  and  test 
pits.  They  also  noted  that  reservoir  leakage  along  these  paths  "in 
years  gone  by",  red  iced  the  competency  of  the  subgrade  so  that  it, 
"possesses  neither  the  weight-bearing  power  nor  the  resistance  to 
sliding  of  the  original  Although  the  Implication  of  these 
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data  and  statements  were  obvious,  the  committee  recommended  that  only 
about  50 %  of  the  affected  120  feet  of  wall  be  underpined.  Ultimately 
two-thirds  of  the  segment  was  underpinned.  We  point  out  that  perhaps 
one  reason  they  were  quite  restrictive  in  their  recommendations  was 
because  sediment  and  other  factors  reduced  storage  in  fhe  west  basin 
to  about  eight  million  gallons  -  at  that  time,  a  talf-day  supply. 
Immediately  after  New  Year's,  1921,  work  began  on  thr  underpinning 
under  the  direction  of  A.  W.  Reppermund  of  The  Chester  Engineers. 

L^bor  and  equipment  were  hired  and  supplied  locally.  Work  continued 
without  interruption  until  finished  during  the  summer  of  1921.  During 
the  underpinning,  another  french  drain  was  constructed  which  was 
designed  to  train  water  seeping  from  the  basin  an  1  collecting  along  the 
"fault  line"  to  a  manhole  located  In  Test  Pit  No.  8.  (See  Sheet  A). 

The  subsurface  details  of  all  of  this  work  are  described  further  in  our 
report . 

As  a  part  of  the  1921  work,  the  Interior  walls  of  the  entire  reservoir 
were  scaled  and  a  new  coating  of  gunlte  applied.  Further,  another 
concrete  floor  was  laid  over  the  old.  As  in  1914,  gtiniting  of  the 
dividing  wall  was  very  difficult  because  of  the  numercjs  leaks  Issuing 
from  the  face  -  even  under  a  reduced  head  in  the  neighboring  basin. 
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As  mentioned  previously,  no  further  major  repairs  or  alterations  were 
made  to  the  structure  until  those  recently  completed. 

PRESENT  EXPLORATION  AND  TESTING. 

The  subsurface  exploration  consists  of  thirty-eight  cored  holes  and  the 

locations  of  these  hole^  and  the  profile  limits  are  shown  on  the  Plan, 

Sheet  I.  Subsurface  relationships  are  depicted  on  the  profiles  and 

\ 

logs  of  the  holes  on  Sheet  2  through  6.  Sheet  A  is  a  Plan  on  which 
various  historical  data  are  shown  as  adapted  from  texts  and  drawings  by 
others,  as  well  as  certain  information  developed  during  our  investigation. 
Three  appendices  contain  supplemental,  pertinent  information. 

In  all  instances,  the  overburden  was  washbored  and  the  bedrock  cored  size 
* N *  (2-1/8")  or  'B*  (1-5/8").  Most  of  the  coring  was  done  using  high- 
recovery  diamond  drilling  tools.  Some  of  the  initial  coring  was  performed 
with  a  sophisticated  split-barrel  system  not  In  common  usage.  Three  of 
the  cored  holes  were  inclined  at  45°  in  order  to  provide  data  not 
obtainable  from  the  veriical  holes  -  which  constituted  the  remainder  of 
the  exploration.  Core  recovery  during  the  current  exploration  has 
averaged  99.5%,  excluding  cavities.  Core  recovery  including  cavities 
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has  averaged  96.0?.  The  former  percentage  is  always  considered  an 
index  to  the  quality  of  the  drilling  operations,  while  the  latter  is 
a  rough  guide  to  the  severity  of  bedrock  weathering.  The  high 
percentage  of  recovery  recorded  during  the  current  exploration  including 
the  non-rock  (cavity  fillings,  clay  seams,  etc.)  is  an  indication  of  the 
quality  of  the  core  recovery  equipment  utilized,  is  well  as  the  skill  of 
the  drillers.  As  we  have  pointed  out  previously,  it  was  essential  that 
the  non-rock  portions  of  the  weathered  bedrock  subgrade  be  recovered  in 
order  to  permit  a  reliable  assessment  of  conditions  in  the  subfoundation. 

Pipe  was  permanently  cemented  in  several  of  the  holes  (I,  2,  3,  4,  6,  7) 

In  the  area  arotnd  the  northwest  quadrant  of  the  west  basin  in  order 
that  the  static  water  levels  could  be  observed  in  that  sector.  Continuing 
water  level  observations  can  also  be  made  in  Hole  20  near  the  east  major 
axis.  Representative  water  levels  have  been  noted  to  the  left  of  the 
drill  hole  logs;  they  often  indicate  the  average  of  nunerous  readings 
spread  over  a  considerable  time  Interval. 

Fourteen  of  the  exploratory  holes,  ten  adjacent  t>  the  reservoir  wall 
and  four  outlying,  were  reamed  and  adapted  for  the  irstallation  of 
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special  plastic  casing  required  for  the  Inclinometer  monitoring  system. 
These  blue  pipes  are  readily  visible  and  must  be  protected  from  damage 
by  vandalism,  grass  mow'ng,  etc.  The  four  ceramic  tilt  plates  were 
grouted  to  the  walkway  on  top  of  the  basin  wall  at  the  quarter  points. 
These,  too,  must  not  be  disturbed.  The  holes  prepared  for  instrumentation 
are  being  regularly  "read"  with  a  Digit! It  Sensor  biaxial  accelerometer 
as  manufactured  by  the  Slope  Indicator  Company,  Seattie,  Washington. 

These  data  are  being  assimilated  and  analyzed  by  computer  as  they  are 
gathered.  The  records  compiled  thus  far  have  been  utilized  in  preparing 
this  report. 

Further  exploration  consisted  of  excavating  four  test  pits  adjacent  to 
the  northwest  arc;  as  shown  on  the  Plan,  Sheet  I  and  on  Sheet  3  as  logs. 
These  pits  were  backfilled  with  earth  or  lean  concrete-  subsequent  to 
inspection  and  photographing. 

Representative  portions  of  the  clay  seams  recovered  in  the  core  were 
subjected  to  laboratory  tests  which  included  natural  moisture  content, 
particle  size  distribution,  and  Atterberg  limits.  These  data  were 
essential  to  an  initial  stability  analysis  performed  using  the  Wedge 
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Analysis  Method.  The  analysis  and  test  resulls  are  attached  as 
Appendix  A.  Bedrock  cores  are  on  file  at  our  rranklin,  Tennessee 
office. 

SITE  GEOLOGY. 

Nashville  Is  located  on  the  west  flank  of  a  large  structural  bedrock 
arch  known  as  the  Nashville  Dome.  Therefore,  ii  general,  the  bedrock 
strata  In  Nashville  have  a  gentle  areal  dip  to  the  northwest.  However, 
superimposed  on  the  general  dip  are  many,  many  local  variations  and 
reversals  to  the  regional  dip.  In  addition,  numerous  bedrock  faults 
have  disrupted  the  continuity  of  strata  from  place  to  place.  Most  of 
the  faults  are  of  the  normal,  gravity,  type  and  are  presumed  to  have 
been  Inactive  throughout  historical  times,  and  movement  Is  not  likely 
to  occur  along  them  if  a  seismic  event  occurs  in  the  area.  Parenthetically 
Nashville  is  located  within  Seismic  Risk  Zone  I;  however.  It  is  "sandwiched 
between  Zone  II  contours  to  the  east  and  west.  Assessing  the  stability  of 
this  structure  under  seismic  loading  is,  at  best,  an  exercise  in  empirical 
arithmetic. 

Tension  fracturing  (jointing)  of  the  bedrock  Is  generally  of  more 
significance  to  the  acceleration  of  bedrock  weathering  than  faulting. 
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because  the  former  is  omnipresent  in  the  bedrock  system.  Jointing 
usually  occurs  In  at  lejst  two  sets  (4  azimuths)  and,  depending  on 
the  frequency  of  spacing,  has  a  profound  effect  on  the  deprh  and  degree 
of  bedrock  degradation  from  place  to  place.  Nearly  all  of  the  streams 
In  this  area,  tributary  as  well  as  master,  are  adjusted  to  the  fracture 
patterns  as  is  attested  to,  for  example,  by  the  constant  meandering  of 
the  Cumberland  River. 

Kirkpatrick  Hill  is  an  erosional  remnant  produced  during  the  general 
Inversion  of  rellei  occasioned  by  the  river  cutting  across  the  dome. 

The  strata  immedlarely  underlying  the  reservoir  consist  of  shaly 
limestones  of  the  Catheys  Formation  which  is  Ordovician  in  age. 

Portions  of  the  foundation  bedrock  are  degraded  to  relatively  shallow 
depths,  apparently  where  fracturing  Is  modest.  On  the  other  hand, 
the  juxtaposition  of  fairly  intense  fracturing  and  postulaied  gravity 
faulting  under  other  portions  of  the  reservoir  have  permitted  degradation 
by  percolating  water  and  other  weathering  processes  to  depths  considerably 
In  excess  of  "normal"  for  these  rock  types.  We  cannol  attest  to  what 
extent  the  percolation  of  water  leaking  from  the  reservoir  over  nearly 
a  90  year  period  has  contributed  to  the  bedrock  weathering.  However, 
we  doubt  that  It  has  appreciably  accelerated  the  long-term  weathering 
processes.  Nonetheless,  percolating  waters  will  certainly  reduce  the 
strength  character Isf Ics  of  the  materials  already  reduced  to  clay. 
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A  detailed  geologic  profile  of  the  bedrock  underlying  the  structure 
has  been  developed  in  the  course  of  providing  positive  stratigraphic 
correlation  from  place  to  place.  Appended  to  this  report  is  a  description 
of  the  bedrock  members  which  Identifies  the  letter  designations  shown  on 
the  left  of  the  logs  of  the  holes. 

DETAILED  DESCRIPTION  OF  STRUCTURAL  AND  SUBSURFACE  CONDITIONS. 

This  portion  of  our  report  is  best  studied  during  a  perusal  of  the 
pertinent  geologic  profiles.  While  all  of  the  basic  data  and  our 
Interpretation  of  it  are  included  on  the  drawings,  this  text  can 
serve  to  illuminate  and  point  out  important  detai  s. 

For  discussion  purposes  we  have  divided  the  reservoir  perimeter  into 
sections  based  on  subsurface  conditions.  (See  Profile  'D-D') 

General .  The  general  dip  of  the  strata  under  the  reservoir  is 
to  the  slightly  north  of  west.  Based  on  our  interpretation  of 
the  bedrock  structure,  three  gravity  type  fa  tits  cross  the  reservoir 
subgrade.  They  are  roughly  parallel  and  their  postulated 
orientation  is  shown  on  the  Plan,  Sheet  I.  They  are  further 
Identified  by  number  on  the  profiles.  We  mention  at  this  point 
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that  we  can  find  no  evidence  of  faulting  near  the  east  major 
axis,  as  was  postulated  by  the  1921  study.  We  believe  that 
possibly  some  Intense  fracturing  was  Incorrectly  identified 
as  a  fault.  On  the  other  hand,  we  do  postulate  a  foult  (No.  2) 
near  the  south  major  axis  extending  through  the  1921  underpinning. 
The  rather  complex  bedrock  conditions,  coupled  with  the  necessity 
for  confining  the  exploration  to  the  exterior  of  the  structure, 
has  necessitated  construction  of  a  simple  model  of  the  reservoir 
substructure.  The  model,  constructed  to  the  scale  of  the  profiles, 
I  Inch  equals  10  feet,  permitted  studying  the  substructure  data 
in  their  proper  elliptical  configuration. 

Northwest  Section:  (West  Basin;  vicinity  of  Hole  25  clockwise 
to  Hole  12;  «  500  feet)  This  section  of  the  wall  was  seeping 
the  worst  at  the  time  this  study  was  initiated  and  approximately 
brackets  Hole  10.  The  area  to  the  north-northwest  of  this  section 
was  explored  ;r  some  detail  during  the  first  phase  of  exploration. 
Profiles  'A-A',  'B-B*  and  'C-C1  should  be  studied  In  conjunction 
with  this  segment  of  ’D-D1. 
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Surprisingly,  on  Profile  'D-D'  for  the  most  ,iart ,  bedrock 
weathering  extends  to  only  modest  depths,  -  on  th?  order  of 
less  than  1C  feet  (elevation  635-640).  Hole  II  is  an  exception 
which  may  possibly  be  attributed  to  Its  proximity  to  Fault  No.  I 
which  Incidentally  seems  to  be  the  major  fault  crossing  the  site 
The  stratigraphic  throw  on  Fault  No.  I  is  postulated  to  be  eight 
feet  at  this  intersection  with  the  profile. 

Based  on  the  test  pits  and  the  holes,  we  believe  that  the 
foundation  for  the  reservoir  wall  in  this  segment  rests  at 
about  the  level  described  and  drawn  as  the  "Diagrammatic  Top 
Of  Rock",  which  varies  from  elevation  640  -  i46. 

Northeast  Section:  (East  Basin;  vicinity  Hole  12  to  the  north 
edge  of  the  1921  remedial  work  (Hole  20);  «  140  feet) 

The  bedrock  under  this  reach  of  the  wall  is  deeply  weathered  - 
possibly  the  most  extreme  at  the  site. 

A  perusal  of  the  logs  for  Holes  34,  13,  26  aid  14  will  reveal 
that  severe  bedrock  degradation  extends  to  elevation  620,  and 
below.  Of  further  significance  Is  the  fact  that  during  the 
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original  construction  the  surficiai  materials  must  have  been 
soft  because  the  foundation  contact  is  as  low  as  elevation  635 
(See  Hole  26).  It  is  possible  that  the  wall  is  founded  somewhat 
higher  or  lower  from  place  to  place,  but  we  doubt  thc,t  this 
variation  exceeds  3  to  4  feet. 

The  north  extremity  of  the  interior  crack  discovered  in  1920  must 
have  been  near  Hole  14  (at  profile  distance  810).  Further,  observe 
the  relationship  of  the  stratigraphic  depth  of  underpinning  in 
1921  (near  Hoie  20)  to  the  base  of  weathering  in  Hole  14. 

Apparently,  during  the  original  construction  the  batter  on  the 
walls  was  extended  to  the  footing  contact  In  all  instances,  as 
may  be  noted  rrom  the  logs  as  well  as  the  crossections  of  the 
wall  presented  in  Appendix  ’Br.  These  latter  sketches  are 
included  because  they  are  of  use  in  studying  remedial  measures, 
as  well  as  in  stability  calculations. 

Southeast  Section:  (Sections  underpinned  In  1921  and  1914 


reconstruction;  *  440  feet) 
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initially,  le+  us  examine  and  discuss  the  segment  replaced  in 
1914,  the  limits  of  which  we  have  inferred  and  shewn  on  this 
profile,  and  on  supplemental  Plan,  Sheet  A. 

Based  on  the  photographs  taken  after  the  failure,  we  conclude 
that  a  considerable  portion  of  the  weak,  readily  eroded,  subgrade 
was  piped  and  scoured  from  under  the  wall  during  <  n  initial  stage 
of  the  failure.  When  sufficient  support  was  los+,  the  wall  was 
displaced  downward  and  outward  under  the  weight  of  the  water. 

It  appears  that  the  failure  occurred  as  a  tyf  ical  wedge  type. 

We  also  surmise  that  the  structural  failure  was  sudden  because 
of  the  fashion  in  which  some  of  the  pieces  wt^re  subsequently 
arranged.  Based  on  the  photos  It  looks  as  though  the  initial 
break  occurred  essentially  along  the  trace  of  Fault  No.  I.  On 
this  side  of  the  reservoir  the  stratigraphic  displacement  of 
Fault  No.  I  is  calculated  to  be  on  the  order  of  13  feet,  -  the 
largest  increment  found  by  the  exploration. 

Based  on  the  three  holes  (15,  22,  31)  drilled  along  this  reach 
of  tin  wall,  we  surmise  that  most  of  the  "new"  fo  ndation  extends 
essentially  through  the  weathered  zone  to  sound,  unweathered  rock. 
An  exception  is  noted  in  Hole  31,  which  lies  to  the  west  of  the 
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fault.  Because  the  test  holes  are  located  some  few  feet  outside 
of  the  wall,  prior  to  final  design  of  remedial  work,  we  wi 1 1  have 
to  drill  an  ii.cllned  hole  to  determine  the  actual  limits  of  "1914" 
excavation  in  this  reach. 

The  1914  foundation  reconstruction  consists  of  concrete  containing 
fairly  fine  aggregate  into  which  large  chunks  of  rock  were  cast  to 
provide  bulk.  This  was  a  fairly  common  practice,  and  it  looks  as 
though  some  of  the  original  stone  masonry  may  have  been  used  for 
this  purpose.  In  general,  the  concrete  appears  to  be  in  excellent 
condition.  Wo  presume  that  the  concrete  foundation  was  cast  in 
a  trench  cut  to  "sound"  rock  and  that  the  battered  masonry  walls 
were  erected  on  it  starting  at  elevations  varying  from  place  to 
place.  This  section  will  require  further  exploration  prior  to 
final  design. 

The  above-ground  reconstruction  of  the  wall  in  1914  followed  the 
original  curvature  and  batters.  However,  the  masonry  stone 
utilized  has  proved  far  more  durable  than  that  quarried  from  the 
original  source.  The  stone  used  for  reconstruction  is  a  pinkish- 
gray,  medium  crystalline,  massive  limestone.  We  have  no  record 
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of  Its  origin,  but  we  suspect  that  it  is  Siljrian  in  age  and  was 
probably  quarried  to  the  west  of  Nashville.  Owing  to  the 
differences  in  color  and  lithology  between  the  letter  stone  and 
the  original,  the  fan-shaped  reconstruction  section  is  readily 
identifiable. 

On  the  north  side  of  the  1914  section  there  exists  a  reach  of 
about  sixty  feet  -  extending  to  the  east  axis  -  which  was  not 
treated,  but  certainly  should  have  been  (See  Holt  37).  Presumably, 
at  that  time  this  bedrock  looked  adequate  compare d  to  that  which 
'  had  been  removed.  Further,  it  extended  under  3  section  of  the 
wall  not  visibly  affected  at  that  time. 

North  of  the  east  axis,  portions  of  a  segmer t  fifty  feet  in  length 
were  underpinned  in  1921.  Here,  too,  the  cor.cre+e  is  in  acceptable 
condition  and  contains  large  slabs  of  rock  a  st  into  the  concrete. 
Of  this  sect. on,  a  block  of  rock  about  eight  fee+  in  width  (under 
the  wall)  was  not  repaired.  Mr.  Reppermund’s  available  notes  do 
not  state  why  this  section  was  omitted. 

Your  attent.on  Is  called  to  Profile  ’E-E1  on  which  the  inclined 
Hole  No.  21  is  shown.  Once  again,  the  1921  underpinned  depth 
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correlates  well  with  the  stratigraphic  level  to  which  the  1914 

/ 

reconstruction  extended,  and  the  wall  is  now  in  contact  with 
sound,  unweathered  bedrock. 

The  other  portion  of  the  wall  underpinned  in  1921  begins  sixty 
feet  west  of  the  1914  zone  and  extends  for  about  sixty  feet 
toward  the  south  minor  axis.  As  shown,  two  port'ons,  each  about 
eight  feet  in  width,  were  omitted  from  the  underpinning  program. 
Parenthetical ly,  it  Is  indeed  unfortunate  that  not  all  of 
Mr.  Reppermunc's  diary  has  been  found,  as  It  would  probably 
provide  a  clue  as  to  why  these  segments  went  untreated. 

Nonetheless,  ■'he  limits  and  elevations  of  the  portions  treated 
as  shown  on  the  profiles  are  based  on  an  analyses  of  his  notes 
and  as-built  orawir.gs  furnished  by  The  Chester  Engineers. 

Fault  No.  2  is  postulated  to  cross  the  wall  within  this  reach. 

It  may  well  be  that  this  rupture  is  the  fault  Identified  in 
1921  and  thought  then  to  be  an  extension  of  a  sir, liar  feature 
described  as  being  encountered  by  underpinning  at  the  northern 
location.  We  note  again  that  we  have  been  unable  to  identify 
any  displacement  due  to  faulting  In  the  area  adjacent  to 
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Holes  20  anc  21.  Further,  based  on  our  analysis  of  all  of  the 
exploration,  as  well  as  experience  with  local  geological 
conditions,  we  believe  that  all  of  the  faulting  is  oriented 
as  shown  by  our  drawings,  and  that  it  is  unlike!'  that  any 
cross-faulting  of  significance  exists.  The  oostulated  "fault" 
near  the  east  major  axis  intersection  was  pcssibly  a  badly 
weathered  and  displaced  tension  fracture. 

if  conditions  found  in  Hole  16  are  fairly  representative  of  the 
western  reach  between  the  1914  and  the  1921  remedial  work,  this 
section,  s’xty  feet  in  length,  should  certainly  have  been 
underpinned.  Note,  however,  that  the  base  o  the  original 
stone  masonry  is  at  about  elevation  635,  and  therefore,  essentially 
"matches"  the  level  of  the  1914  rebuilding.  We  gjess  that  in  this 
area  as  well,  deep  bedrock  weathering  had  necessi fated  more 
extensive  excavation  during  the  original  construefion.  We 
estimate  that  a  reach  extending  from  Fault  N->.  I  to  the  vicinity 
of  Hole  16  still  has  an  average  of  10  feet,  ro  elevation  625,  of 
badly  weathered  rock  underlying  the  wall. 
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Nonetheless,  this  quadrant  of  the  reservoir  wall  foundation 
is  In  relatively  good  condition  with  respect  to  resisting 
compressive  forces,  as  well  as  in  comparison  with  subsurface 
conditions  under  the  remainder  of  the  reservoir. 

Southwest  Section:  (Extends  from  70  feet  east  of  south  minor 
axis  westward  to  vicinity  of  Hole  25;  <*  450  feet,  perimeter 
completed.)  This  section  of  the  foundation  bedrock  is  deeply 
weathered  and  constitutes  the  most  complex  geology  on  the  site. 
Fault  No.  3  enters  and  exits  the  reservoir  subgrade  in  this 
segment.  Tno  rather  narrow  block  of  rock  between  it  and  Fault 
No.  2  (See  Hole  33)  constitutes  a  graben  in  that  it  has  been 
dropped  down  with  respect  to  the  bordering  strata. 

The  net  result  of  these  displacements,  coupled  with  intensified 
fracturing,  has  been  to  enhance  severe  bedrock  weathering.  For 
example,  tho  core  from  Hole  18,  which  transects  Fault  No.  3, 

Is  rather  severely  degraded  to  elevation  610,  some  twenty-five 
feet  or  more  below  the  presumed  existing  foundation  contact 
elevation.  Based  on  inclined  Hole  38,  we  suspect  that  much 
of  this  segment  of  the  wall  is  founded  at  about  elevation  635, 
or  higher. 
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INCLINOMETER  RECORDS. 

The  sensor  being  used  to  monitor  movements  within  fhe  subgrade  is  a 
biaxial  instrument.  The  special  casing  installed  !n  each  hole  is 
oriented  so  that  movements  normal  and  tangential  to  th'j  wall  can  be 
observed.  For  convenience,  the  outlying  holes  were  cased  so  that 
one  axis  is  along  a  line  normal  to  the  reservoir  all.  The  special 
casings  were  cemented  in  the  exploratory  holes  *o  depths  sufficient 
to  extend  well  into  sound,  unweal hered  rock  in  which  n>  movement 
would  be  likely  to  occur. 

For  purposes  of  this  installation,  the  ’A'  axis  readings  are  normal 
to  the  wall,  and  the  'B'  axis  records  are  tangent  al.  The  records 
show  movement  in  the  positive  or  negative  (+  or  direction. 
Negative  displacement  on  the  'A1  axis  Indicates  movements  toward  the 
wall  while  positive  readings  show  movement  away  from  the  wall. 
Movements  in  the  M?'  axis  are  identified  as  minus  (-)  to  the  right 
and  plus  (+)  to  the  left,  as  viewed  facing  the  exterior  of  the  wall 
In  each  Instance. 

The  readings  amasred  to  date  are  included  as  Appendix  C';  we  point 
out  that  they  are  currently  In  rough  form  and  are  for  information 
purposes,  only. 
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While  the  sum  and  import  of  the  readings  to  date  are  incomplete  and 
inconclusive,  some  trends  and  aspects  are  of  interest.  Contrary  to 
what  one  might  have  expected,  that  Is,  movement  normal  to  the  wall, 
the  slight  movements  indicated  have  been  tangential.  Further,  the 
recorded  'B'  axis  displacements  have  generally  been  down-dip  on  the 
bedrock.  There  are  some  aspects  to  the  current  readings  which  imply 
that  the  west  basin  sub-foundation  materials  may  be  reoounding  as  a 
result  of  the  lessened  slresses  imposed  subsequent  to  draining. 

As  soon  as  a  definitive  pattern  has  emerged  from  the  readings,  we  may 
recommend  that  the  west  basin  be  filled  and  monitored  on  a  daily  basis. 
We  fully  realize  the  importance  of  returning  this  half  of  the  reservoir 
to  service  if  it  can  be  done  safely. 

With  reference  to  the  tilf  plates  on  the  reservoir  rim,  no  observable 
movement  has  taken  place  in  any  of  them. 

THERMAL  EFFECTS. 

The  coefficient  of  linear  expansion  for  the  masonry  is  estimated  to  be 
on  the  order  of  0.00035  (for  °F).  Even  allowing  for  the  fact  that 
nearly  1,800  feet  of  wall  are  thermally  affected,  the  diurnal  stress 
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buildup  must  be  slight.  Presuming  that  no  more  than  half  of  the 
perimeter  is  being  heated  (while  the  other  half  may  be  cooling), 
and  conservatively  estimating  a  50°  F.  temperature  rise,  we  estimate 
the  gross  change  In  length  may  approach  1.6  to  1.9  inches  (in  900 
feet).  Further,  we  suspect  that  the  mortar  may  have  a  coefficient 
of  expansion  at  least  twice  that  of  the  stone.  While  the  increments 
of  movement  being  considered  are  small,  we  suspect  that  the  exterior 
moves  appreciably  under  the  diurnal  influence.  In  relation  to  the 
wetted  interior  which  remains  at  an  essentially  constant  temperature. 

LEAKAGE  FROM  THE  RESERVOIR. 

While  the  aforementioned  observable  leakage  in  the  northwest  arc  of  wall 
was  the  initial  reason  for  beginning  this  study,  we  ha'e  come  to  consider 
It  a  symptom  of  the  problem,  as  well  as  a  contributing  factor,  rather 
than  the  problem  itself. 

During  our  initial  Inspection  of  the  reservoir  ana  grounds  last  Spring, 
we  observed  a  seep  and  persistent  "wet  spot"  at  the  tou  of  the  slope 
adjacent  to  the  juncture  of  Alley  No.  653  and  Ninth  Avinue.  This  area 
drled-up  when  the  west  basin  was  drained.  Further,  persons  involved 
In  sewer  Installation  to  the  south  during  the  Edgehill  renewal  program 
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reported  having  to  contend  with  ‘'unusual"  quantities  of  groundwater. 

At  the  time,  this  condition  was  thought  to  be  due  to  leakage  from  a 
swimming  pool  -  now  abandoned  -  located  in  Reservoir  Park  playground. 

In  addition,  in  Captain  Reyer's  October  1920  report  he  alludes  to 
leakage  by  statin;;,  "There  is  no  lessening  of  flow  in  spring  Southwest 
of  reservoir  since  east  basin  was  emptied."  The  inference  here  is 
that  the  observed  spring  was  being  supplied  by  leakage  from  the  west 
basin.  We  have  attempted  to  locate  the  area  to  which  he  referred  to 
no  aval  I . 

In  the  light  of  the  over-all  information  now  In  hand,  we  presume  that 
the  reservoir  probably  leaks  to  varying  degrees  around  (and  under)  its 
entire  circumference.  Owing  to  the  very  size  of  the  structure,  as  well 
as  Its  mode  of  constrjctlon,  we  doubt  that  It  is  possible  to  keep  it 
from  leaking  to  sane  degree  without  Installing  an  impermeable  membrane 
over  the  entire  ‘.vetted  surface.  Were  it  not  for  the  continuing 
deleterious  effecv  of  even  meager  amounts  of  percolating  water  on  the 
clay  seams  and  other  planes  of  weakness  in  the  subfoundation,  the 
present  leakage  t»ould  not  be  of  as  great  concern. 
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We  conclude  that  no  real  saturated  level  exists  as  a  perched  static  water 
level  under  the  structure  because  of  the  wide  range  in  the  observed  water 
levels.  We  attribste  this  to  the  fact  that  openings  (weaknesses)  in  the 
bedrock,  such  as  bedding  planes,  high  angled  fracture  and  fault  traces 
generally  allow  the  water  to  escape  downward  with  >ut  much  lateral  travel 
until  the  base  of  weathering  is  reached.  These  conclusions  are  based 
on  the  varying  rates  and  degrees  of  recovery  in  the  wa^er  levels 
recorded  in  the  tore  holes  subsequent  to  bailing. 

On  the  other  hand,  the  segment  of  wall  which  displays  seepage  above 
the  exterior  grcjnd  level  may  well  do  so  because  *he  subgrade  in  that 
area  Is  sufficiently  tight  (or  saturated)  as  to  net  permit  ready 
transport  of  the  seepage  downward  and  away  from  the  site.  It  is  quite 
possible  to  envision  water  traveling  under  the  reservo.r  floor  at  shallow 
depths  to  the  wall  area  and  thence  upward  through  the  rubble  interior 
until  leakage  and  frictional  loss  balance  the  head.  We  have  further 
evidence  that,  while  the  volume  of  water  lost  threugh  this  segment  is 
not  great,  there  is  an  appreciable  head  acting.  When  the  west  basin 
was  drained,  the  static  water  level  in  the  holes  which  had  proved  most 
responsive  to  minor  fluctuations  in  the  reservoir  level  immediately 
receded  as  much  as  four  feet  (See  ”a"  and  "e",  before  and  after,  levels 
noted  on  Profile  'A'-'A',  Sheet  2). 
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We,  therefore,  conclude  that  essentially  all  of  thr  subgrade  for  the 
reservoir  may  be  subject  to  varying,  but  persistant,  percolation  of 
water  from  the  basin,  -  and  probably  mostly  from  the  floor  area.  Much 
of  the  re si dual  clay  in  s earns  found  in  the  bedrock  1  s  moderately  to 
highly  plastic  end  Is,  therefore,  of  low  permeability.  On  the  other 
hand,  once  wet  the  clay  seams  are  not  readily  dried  and  returned  to  a 
more  competent  condition.  The  ramifications  of  these  physical  aspects 
are  covered  In  some  detail  by  the  stability  analysis  included  as 
Appendix  'A'. 

RECOMMENDATIONS. 

In  the  light  of  the  data  in  hand,  it  is  our  considered  opinion  that  the 
reservoir,  at  bes  ,  has  always  existed  in  a  marginal  state  of  stability 
with  respect  to  the  subgrade.  The  age  of  the  structural  components, 
coupled  with  convinuing  leakage,  have  served  only  to  lessen  the  factor 
of  safety  against  sliding  failure  under  which  its  walls  operate.  Owing 
to  the  length  of  time  during  which  the  subgrade  has  had  an  opportunity 
to  consolidate  under  the  influence  of  the  structural  and  fluid  surcharge 
there  Is  little  danger  of  local  bearing  capacity  fa  lure,  unless  unusual 
piping  occurs.  However,  the  possibility  for  a  slid’ng  failure  exists. 
This  latter  action  would  probably  occur  as  a  wedge  with  +he  affected 
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Interval  sliding  en  echelon  along  continuous  clay  seans  within  the 
weathered  bedrock  zone.  Owing  to  the  fact  that  consicerable  sums  of 
money  have  recently  been  spent  to  gunite  the  walls  ant  cover  the  basins, 
plus  the  fact  that  no  other  comparable  site  is  availc-Me  for  construction 
of  a  similarly  oized,  new  structure,  we  believe  that  extensive,  thorough 
repairs,  or  reconstruction,  are  justified.  Because  of  the  marginal  degree 
of  safety  now  known  to  be  Inherent  in  continuing  operations  under  existing 
conditions,  we  strongly  urge  you  to  proceed  with  design,  funding  and 
execution  of  whatever  remedial  work  may  be  required. 

POSSIBLE  SOLUTIONS. 

During  our  study  we  have  given  thought  to  many  me  hods  and  combinations 
of  systems  for  enhancing  the  Integrity  of  the  structuro.  The  more  we 
have  studied  the  problem,  the  more  complex  it  becomes,  especially 
because  of  the  weighting  effect  of  time,  cost,  etc.  W>  present  the 
following  comments  as  representative  of  our  thinking  if  this  time. 

We  expect  to  refine  our  recommendations  as  data  is  amassed.  The 
obvious  advantages  and  disadvantages  of  each  currrnt  suggestion  are 


mentioned. 
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1.  Pressure  grouting  coupled  with  continued  monitcrinq.  It  is  possible 
that  a  curtain  consisting  of  holes  inclined  in  two  directions  and 
pressure  grouted  with  cement  or  mortar  would  prevent  lateral  seepage 
under  the  reservoir  wall  and  would  enhance  the  stability  of  the  subgrade 
against  sliding.  Other  than  a  water-proof  lining,  there  is  no  practical 
way  to  prevent  seepage  from  the  basin  affecting  the  materials  directly 
beneath  unless  the  basins  are  removed  from  service  end  a  pattern  of 
grouting  installed  in  each  floor.  While  the  latter  process  may  not  be 
considered  feasible,  the  curtain  adjacent  to  the  wall  may  be.  As  a 
minimum,  we  envision  drilling  at  least  a  double  row  of  grout  holes 
around  the  perimeter.  One  row  would  be  inclined  under  fne  wall  and 
the  other  would  a.1  inclined  tangent  to  the  wall.  In  this  fashion  both 
horizontal  and  high-angled  openings  would  be  intercepted  and  treated. 

The  use  of  chemical  grouts  or  additives  might  be  indicated. 

The  grouting  treati.ienT  method  would  disturb  routine  operation  of  the 
reservoir  very  I  ttle,  but  it  Is  certainly  the  least  trustworthy  in 
that  grout  can  only  be  injected  into  existing  voids,  and  we  think  it 
It  impossible  for  the  grout  to  displace  any  of  the  ;lay  filling  the 
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weathered  seams.  This  approach  does  have  merit  if  ir  can  be  demonstrated 
by  the  monitoring  system  that  an  appreciable  reduction  in  seepage  and  a 
corresponding  lowering  of  the  level  of  saturation  will  produce  a  sufficient 
enhancement  in  the  stability  of  the  subgrade.  (See  Appendix  A)  We  have 
not  hydraulically  pressure  tested  any  of  the  drill  holes  because  we  did 
not  want  to  forcibly  pass  water  through  the  weathered  seams  unless  the 
execution  of  a  grouting  program  appeared  to  be  a  reasonable  solution. 
Therefore,  we  can  only  make  an  educated  guess  as  to  the  ampunt  of  drilling 
and  grouting  whi-h  might  be  required.  We  estimate  that  the  grouting 
program  as  outli  lac  above  might  cost  nearly  $500,000,  based  on  current 
prices. 

2.  Waterproof  lining  of  basins.  Owing  to  the  fact  that  a  grout  program 
might  cost  one-ha  I f  m  I  I  ion  dollars,  or  more,  we  consider  the  lining  of 
the  basins  as  a  reasonable  alternative.  Once  again,  if  we  can  demonstrate 
by  extended  study  and  monitoring  of  the  inclinometers  that  preventing 
seepage  to  the  subgrade  will  improve  its  stability  to  an  acceptable  degree 
and  thereby  precude  a  sliding  failure,  lining  the  reservoir  must  be 
considered.  We  prefer  this  idea  instead  of  grouting  because  it  is  more 
likely  to  be  nearly  100^  effective  in  reducing  seepage. 
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Further,  because  the  solutions  stated  subsequently  are  likely  to  cost 
several  times  as  much  as  1  and  2,  described  above,  it  may  be  prudent 
to  line  the  basins  and  monitor  the  performance  of  the  reservoir  while 
extended  study  and  thought  are  devoted  to  an  ultimate  solution.  We 
point  out  again  that  before  too  many  years  pass,  the  structure,  as  is, 
is  sure  to  require  extensive  repairs.  Although  similarly  designed 
and  constructed  facilities  have  been  In  use  for  hundreds  of  years, 
this  one  was  not  'ery  well  built.  Initially.  During  these  deliberations 
a  careful  assessment  must  be  made  of  the  lifetime  remaining  for  the 
reservo i r. 

3.  Conventional  underpinning  of  the  wall  in  a  fashion  similar  to  that 
done  in  the  past.  This  operation  would  involve  excavating  the  weathered 
rock  from  under  Hie  wall  on  an  alternating  segment  basis.  The  depths 
of  underpinning  would  vary  from  less  than  ten  to  more  than  thirty  feet, 
based  on  the  exploration  and  refined  by  inspection  during  construction. 
If  this  method  were  selected,  a  modest  amount  of  additional  subsurface 
Information  would  permit  us  to  establish  a  reliable  "proposed  limit  of 
excavation"  line  for  detailed  design  and  bidding  purposes.  The  fact 
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that  essentially  20-25$  of  the  reservoir  wall  is  already  underpinned 
acceptably  may  mako  this  solution  attractive.  We  emphasize  that  owing 
to  the  fact  tl.at  another  55  years  have  passed  since  the  last  under¬ 
pinning,  the  wrll  may  now  be  unable  to  safely  span  even  eight  feet 
unsupported.  The  actual  parameters  which  could  le  utilized  by  an 
underpinning  program  would  have  to  be  determined  by  instrumentation 
during  reconstruction.  Also,  it  will  not  be  possible  to  use  explosives. 
Excavation  by  percussion  drilling,  barring,  wedging,  iydraulic  fracturing, 
etc.,  are  all  very  expensive  modes  of  excavation,  especially  in  restricted 
working  room  su~h  as  this.  Further,  by  this  method  each  basin  will  be  out 
of  service  for  a  protracted  period  and,  at  some  point,  both  basins  would 
probably  have  to  be  emptied. 

Because  this  Is  a  "one-of-a-kind1  sort  of  structure,  and  owing  to  the 
considerable  dapth  of  excavation  which  would  be  required,  the  ultimate 
feasibility  of  this  suggestion  should  be  discussed  with  one  or  more 
underpinning  contractors  who  are  very  experienced  in  this  field  prior 
to  more  than  tentative  discussions  by  your  engineers  regarding  its  use. 

4 .  A  system  o'-  dri  led  piers  extending  to.  and  into,  sound  bedrock, 
acting  as  cantilevered  piers  sustaining  a  post-tensioned  "ring" 


retention  system.  The  various  aspects,  and  adaptions  of  this,  too. 
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must  be  explored  by  /our  structural  engineers.  But,  this  treatment 
will  have  to  encircle  the  entire  perimeter.  Including  toat  already 
underpinned. 

We  also  envision  a  considerable  variation  in  diame  er,  length  and 
spacing  for  the  piers  from  place  to  place  owing  to  the  diversity  of 
bedrock  conditions.  Presumably,  only  one  half  of  the  reservoir  would 
have  to  be  removed  f.'om  service  at  any  one  time  during  this  installation. 
We  also  recommend  that  one  or  more  experienced  dri lied  pier  contractors 
be  invited  to  Iiuoect  the  site,  view  the  data  and  provide  us  with  their 
assessment  of  the  projected  work.  We  emphasize  thf.t  it  will  be 
essential  that  the  shafts  be  dri lied,  rather  than  excavated  by  blasting 
and  mucking. 

5.  Major  reconstruction  and  enlarging  capacity.  The  most  complex 
solution  considered  involves  removing  the  entire  reservoir  from  service 
(presuming  that  this  is  feasible  after  the  Stones  Fiver  plant  is  in 
full  operation)  and  virtually  reconstructing  the  reservoir  on  Its 
present  site. 
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The  basin  floor  would  be  removed  and  a  general  excavation  of  the 
weathered  bedrock,  perhaps  to  elevation  630,  completed.  Further 
excavation  under  the  walls  to  sound  bedrock  (whera  necessary)  would 
be  done  by  Increments.  The  masonry  walls  could  be  carefully  inspected, 
repaired  and  supported  from  below  on  concrete  walls  founded  on  sound 
bedrock.  In  this  fashion  the  above-ground  appearance  of  the  reservoir 
would  be  retailed,  the  structure  could  be  made  stable,  and  its  capacity 
would  be  increased  by  something  over  25,000,000  gallons.  A  reservoir 
floor  level  of  630,  or  less,  would  still  be  h!ghe>-  than  other  hills 
which  have  been  considered  as  possible  sites  for  a  new  or  additional 
reservoir. 

We  will  be  glad  to  consider  any  other  repair  and  reconstruction  schemes 
which  appear  valid. 


GEOLOGIC  ASSOCIATES,  INC. 


R.  T.  Throckmorton,  Jr.,  P.E. 
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EIGHTH  AVENUE  RESERVOIR 


GEOLOGIC  COLUMN 


AVERAGE 

THICKNESS 

IN  FEET  MEMBER  DESCRIPTION 


21  +  A 

13. 1  B 

2.8  C 

7.1  D 


3.5  E 

2.4 

8.3  G 

9.8  H 

3.7  +  J 


LIMESTONE,  dense  to  fine  *0  occasionally  medium 
crystalline,  gray,  thin  to  medium  bedded;  with 
wavy  laminae  of  dark-gray  SHALE. 

LIMESTONE,  densely  crystalline,  gray;  interbedded 
with  alternating  zones  of  rumerous  or  occasional 
wavy  bands  and  mottling  of  darl-gray  SHALE. 

LIMESTONE,  densely  crystalline  to  argillaceous, 
greenish-gray. 

LIMESTONE,  densely  crystalline,  gray,  massive; 
with  fairly  regular  bands  and  mottling  of 
fossl I i ferous,  dark-gray  SHALE. 

LIMESTONE,  densely  crystalline  to  argillaceous, 
greenish-gray.  Persistant  ±  0.5'  black  SHALE 
band  at  base. 

LIMESTONE,  finely  crystalline,  gray  to  bluish-gray, 
medium  bedded;  with  bands  and  occasional  laminae 
of  dark-gray  SHALE. 

LIMESTONE,  finely  crystal  I >ne,  gray;  interbedded 
with  LIMESTONE,  medium  to  coarsely  crystalline, 
gray;  all  having  partings  and  occasional  mottling 
of  dark-gray  SHALE.  SHALE  is  occasionally  very 
fossi I i ferous  (coralline). 

LIMESTONE,  finely  crystalline,  tray,  heavily  mottled 
with  fossi I i ferous,  dark-gray  SHALE. 


71.7  +  TOTAL 


LIMESTONE,  finely  crystalline,  gray,  thin-bedded, 
occasionally  mottled  with  fossi I i ferous,  dark-gray 
SHALE. 
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GEOLOGISTS  AND  ENGINEERS 

EIGHTH  AVENUE  RESERVOIR  STABILITY  ANALYSIS 
APPENDIX  A 

A  stability  analysis  of  the  foundation  for  the  Reservoir  was  performed 
using  the  Wedge  Method  of  Analysis.  This  method  issumes  that  failure 
may  occur  in  the  subfoundat ion  along  a  surface  approximated  by  a  series 
of  planes  -  in  this  case  nearly  horizontal  clay  seams.  Forces  imposed 
by  the  structure  and  the  surcharge  of  various  stages  of  fluid  head  were 
re solved  based  on  the  available  structural  data  and  the  geometry  of  the 
foundation.  The  configuration  of  the  1912  failure  as  recorded  by 
photographs  was  considered  In  selecting  the  boundary  for  the  active  earth 
pressures  In  the  light  of  detailed  geologic  data  obtained  from  our 
subsurface  exploration.  Several  potential  failure  surfaces  were  selected 
after  studying  the  weaknesses  in  the  sub foundation  materials  recovered 
by  the  core  drilling  program.  Physical  properties  of  the  soil-rock  system 
were  estimated  us;ng  basic  laboratory  test  data. 

Owing  to  the  nature  of  the  subfounda+ion  materials,  significant  variations 
in  the  so i I -rock  properties  occur  within  the  zone  adversely  affected  by 
the  structural  load.  The  variations  which  are  most  likely  to  affect  the 
stability  are  lateral  or  planar  features  -  namely,  nearly  horizontal, 
continuous  layers  of  clay.  The  analysis  shows  that  minor  variations  in 
the  strength  of  the  clay,  as  well  as  the  position  of  the  phreatic  surface. 
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have  a  substantial  effect  on  the  stability  of  the  foundation  and  surrounding 
earth  mass.  For  example,  in  some  cases  the  margin  of  safety  for  stability 
is  increased  by  from  20%  to  as  much  as  30Jf  if  the  phreatic  :>urface  Is 
lowered  below  the  potential  failure  surface.  Similarly,  variations  in 
the  soil's  shear  strength  on  the  order  of  700  PSF  can  cause  a  50%  variation 
In  the  safety  factor.  Further,  our  analysis  indicates  that  a  50%  reduction 
In  the  Reservoir  head  would  result  In  an  increase  of  40t  in  the  stability 
safety  factor. 

Based  on  the  stability  analysis  and  data  obtained  from  the  inclinometers, 
we  conclude  that  under  the  influence  of  the  full  reservoir  surcharge,  the 
existing  stability  margin  of  safety  for  critical  segment?  of  the  wall  is 
on  the  order  1.2.  If  seepage  Is  not  abated,  under  the  influence  of 
sustained  full  reservoir  conditions,  the  phreatic  surface  within  the 
underlying  and  adjacent  soil  system  will  continue  to  slowly  Increase  the 
moisture  content  of  the  clays,  thereby  further  reducing  their  shear  strength 
and  the  factor  of  safety  for  stability.  On  the  other  hand.,  if  the  seepage 
can  be  prevented  from  affecting  the  soli  system  outside  of  the  perimeter 
of  the  wall,  the  integrity  of  the  soil  system  will  slowly  Improve  and 
the  margin  of  safety  for  stability  will  correspondingly  increase.  However, 
because  of  the  low  coefficient  of  permeability  of  the  clay  (on  the  order 
of  I0-7  an/sec.)  moisture  reduction  and  associated  shear  strength  increase 


Appendix  A 

Eighth  Avenue  Reservoir  Stability  Analysis 
Page  Three 
November  25,  1975 


will  require  a  prolonged  period  of  time.  While  seepage  control  by  means 
of  the  methods  discussed  In  the  text  will  certainly  result  In  Improved 
stability.  It  must  be  recognized  that  under  the  most  ideal  groundwater 
conditions,  and  even  considering  the  highest  probable  shear  strength 
parameters  for  the  clay,  the  margin  of  safety  for  stability  of  the  wall 
can  not  approach  a  magnitude  which  would  be  considered  acceptable  by 
modern  design  practices. 
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REVIEW  OF  STAB J L I TY 
EIGHTH  AVENUE  PESERVO I R 
NASHVILLE,  TENNESSEE 


Purpose  and  Scope 

The  principal  purpose  of  our  studies  is  to  determine  if  it 
is  feasible  to  instrument  the  reservoir  structure  and  foundation 
to  provide  advance  warning  of  movement  which  might  precede  a 
failure.  If  feasible,  the  type(s)  of  sui.able  instrumentation 
should  be  defined. 

The  scope  of  study  includes  an  inspection  of  the  reservoir 
and  discussions  with  Messrs.  Ray  Throckmorton  and  Ed  Wilson  of 
Geologic  Associates  and  their  consultant,  Mr.  William  Gardner, 
Consulting  Geologist.  In  addition,  we  have  reviewed: 

1.  Report  of  Subsurface  Investigation,  Eighth  Avenue 

Reservoir,  Nashville,  Tennessee,  Volumes  I  and  II  dated 
November  25,  1975,  by  Geologic  Associates,  Inc. 

2.  Plans  of  borings  and  geologic  profiles  by  Geologic 
Associates . 

3.  Rock  core  from  representative  borings. 

4.  Reconstructed  photographs  of  the  1912  failure. 

As  a  result  of  site  inspection  and  subsequent  discussions, 
we  were  also  requested  to  comment  on  the  general  stability  of  the 
reservoir,  the  need  for  permanent  repairs,  and  methods  of  effect¬ 
ing  the  repairs. 

This  report  summarizes  and  amplifies  our  d iscuss ions . 
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Background 

The  reservoir  was  constructed  in  1889;  it  is  ollipi  i  -.il  in 
shape  with  a  long  a.<is  of  603  feet,  a  short  axis  of  463  foot,  •.  id 
a  circumference  of  about  1,800  feet.  The  gravity  type  walls  ,uu 
constructed  of  a  cut  stone  masonry  facing  with  an  inteiior  fill¬ 
ing  of  cyclopean  concrete.  The  height  of  the  wall  above  the 
basin  floor  is  about  33  feet.  The  thickness  of  the  top  of  the 
wall  is  eight  feet,  and  the  base  width  at  the  floor  of  the  reser¬ 
voir  is  about  23  feet.  Both  faces  of  the  wall  have  a  concave 
shape. 


In  1912,  a  200-foot  section  of  the  wa' 1  in  the  southeast 
quadrant  failed.  The  mechanism  of  failure,  as  deduced  from  a  few 
photographs  and  current  information  on  foundation  conditions, 
appears  to  have  been  horizontal  sliding  on  weak  shale  or  clay 
layers  within  the  foundation  rock..  Uplift  pressures  acting  in 
the  foundation  and  resulting  from  leakage  from  the  reservoir  may 
also  have  been  an  important  factor,  but  no  information  on  leakage 
or  foundation  water  pressures  are  currently  available. 

The  failed  portion  of  the  wall  was  reconstructed  in  1914. 
In  addition,  a  section  of  the  wall  in  the  northwest  quadrant  was 
investigated  by  test  pits  and  apparently  buttressed  with  concrete 
in  one  location.  The  inside  of  the  wall  and  floor  of  the  basin 
was  also  lined  with  gunite. 

Distress  was  noticed  in  the  wall  in  1920;  and  after  draining 
the  east  basin,  a  fine  (1/64  inch  wide)  horizontal  crack  located 
about  six  feet  above  the  basin  floor  and  extending  120  feet 
northerly  from  the  rebuilt  section  was  observed.  Some  vertical 
cracking  in  the  outside  face  of  the  masonry  was  also  noticed. 
Tine  problem  was  investigated,  and  as  a  result,  portions  of  the 
wall  to  the  north  and  south  of  the  reconstructed  section  were 
underpinned,  and  the  walls  of  the  entire  reservoir  were  scaled 
and  ji gunitod.  Another  concrete  floor  was  placed  over  the  exist¬ 
ing  floor. 
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After  cleaning  the  west  basin  in  late  1974  and  r  iny  op¬ 
eration  in  March  1975,  increased  leakage  was  no*  iced  in  the  above- 
grade  portion  of  the  west  wall.  As  a  result,  foundation  investi¬ 
gations  were  initiated  by  Geologic  Associates.  These  investiga¬ 
tions  included  core  borings,  ground  water  level  ob.se '.  vat  ions , 
installation  a. id  monitoring  of  inclinometer  casings,  tost  pits, 
and  the  installation  of  precise  tilt  meters  on  the  crest  of  the 
wall  at  four  locations.  Concern  about  the  stability  of  the  wall 
led  to  draining  the  west  basin  in  August  1975,  and  it  presently 
remains  out  of  service. 

Summary  of  Present  Conditions 

The  reservoir  structure  is  generally  founded  on  predominant¬ 
ly  flat-lying,  shaley  limestone  with  interbeds  of  shale.-  In  the 
proximity  of  the  surface,  the  shales  are  ofren  weathered  to  clay. 
The  depth  of  weathering  varies  widely  and  appears  to  be  related 
to  intensity  and  location  of  jointing  and  possibly  faulting.  The 
strength  of  the  shale  and  clay  strata  control  the  strength  of  the 
foundation  and  are  not  well  known. 

Underlying  the  weathered  zone  is  fresh  rock  also  composed  of 
predominantly  shaley  limestone  with  interbels  of  shale. 

The  shallow  foundation  rock  appears  to  be  relatively  per¬ 
meable  due  to  jointing  and  degree  of  weathering.  The  tightness 
of  the  formation  increases  with  depth. 

The  observation  wells  installed  in  borings  indicate  the 
presence  of  water  in  the  foundation  rock.  The  water  apparently 
is  derived  from  reservoir  leakage  and  is  significantly  higher 
along  the  west  basin.  A  drop  in  water  level  was  noted  in 
adjacent  borings  when  the  west  basin  was  drained.  No  information 
is  currently  available  on  the  amount  of  reservoir  leakage. 

Flowing  leaks  through  the  masonry  wall  of  the  west  basin 
were  observed  in  March  1975.  In  January  1976,  approximately  four 


months  after  the  basin  was  drained,  moss  and  lich..'  .%  -.o 
observed  10  to  15  feet  above  the  exterior  grad;-.  It  i.  .  n 

reported  that  the  flow  through  the  visible  pm  i  i .  -n  of  •'  a  i  1 
increases  when  exposed  to  the  sun  and  decrease.'  -.-her:  in  •  !•  -Vide 
and  at  night. 

The  failure  in  1912  apparently  occurred  along  flaf-l.  T 
weak  shale  or  clay  strata  in  the  foundation.  Uplift  pressur,  - 
due  to  leakage  may  also  have  been  an  important  factor.  A  degrad¬ 
ation  of  the  strength  of  the  weak  shale  or  chp  1  "ers  cue  to  the 
presence  of  leakage  water,  an  increase  in  upl  .it  t  press  me  due  to 
increased  leakage,  or  a  combination  of  these  factors  may  have 
initiated  the  1912  failure. 

Inclinometer  casings  were  installed  in  the  1975  investiga¬ 
tions  and  have  been  observed  periodically.  These  data  show  small 
variations  which  are  attributed  to  normal  scatter  of  the  data 
within  the  range  of  accuracy  of  the  instrument.  In  our  opinion, 
no  consistent  foundation  movement  trends  art'  indicated  by  the 
da  ta . 


The  relatively  poor  foundation  conditions  disclosed  by  the 
borings  combined  with  the  prior  history  of  the  structure  indicate 
that  the  structure  is  of  marginal  stability  and  has  a  low  reserve 
of  safety  against  foundation  sliding.  A  review  of  the  original 
stability  analys.ii  which  did  not  consider  uplift  forces  and  re¬ 
cent  calculations  also  support  this  conclusion. 

Although  the  structure  is  located  in  an  area  not  expected  in 
be  affected  by  severe  seismic  ground  shaking,  the  condition  of 
the  foundation  suggests  that  the  s"  ucture  and  ts  water-tight 
integrity  could  be  affected  adversely  by  even  very  modest 
shaking.  Minor  adjustments  of  the  structure  or  iis  lining  due  *o 
shaking  could  initiate  changes  in  hydrostatic  conditions  in  the 
foundat  ion  which  con'd  lead  to  failure. 
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In  our  opinion,  if  the  reservoir  is  to  be  used  for  an  ex¬ 
tended  period,  steps  should  be  taken  at  an  early  date  to  p<-in„>n- 
ently  strengthen  the  structure  and  foundation  in  order  to  in¬ 
crease  the  reserve  of  safety  against  foundation  failure  to  pres¬ 
ently  acceptable  standards. 

We  did  not  observe  the  leakage  through  the  vest  basin  wall, 
but  the  reported,  leakage  appears  excessive.  Steps  should  also  be 
taken  to  eliminate  or  reduce  leakage  through  the  exterior  walls 
and  the  foundation  to  acceptable  levels.  Continued  leakage  at 
the  present  rate  would  be  detrimental  to  bsfh  the  masonry  wall 
and  the  weathered  rock  foundation. 

Although  we  are  not  qualified  to  render  an  opinion  on  the 
condition  of  the  masonry  wall,  it  appears  that  its  structural 
condition  should  be  investigated  by  drilling  and  coring.  These 
investigations  would  also  lead  to  an  improved  understanding  of 
the  water  levels  within  the  masonry  wall. 

It  is  further  our  opinion  that  if  the  west  basin  is  to  be 
filled  and  both  basins  operated  for  an  extended  period  in  its 
present  condition  prior  to  permanent  repairs,  it.  should  be  in¬ 
strumented  to  provide  an  early  indication  of  small  foundation 
movements.  Small  detectable  movements  would  be  expected  to  pre¬ 
cede  any  large-scale  movements  and  can  be  used  as  an  advance  in¬ 
dication  of  imminent  failure. 

The  instrumentation  system  should  also  bs  installed  at  an 
early  date  to  obtain  a  history  of  performance  o.c  the  filled  east 
basin  and  of  the  empty  west  basin.  Furthermore,  the  west  basin 
should  be  filled  in  a  controlled  manner  with  frequent  observa¬ 
tions  of  the  instruments  to  evaluate  foundation  performance.  If 
excessive  deformations  develop  or  if  deformations  persist  with 
time,  it  may  be  necessary  to  stop  the  filling  of  the  basin. 
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Instrumental  ion  Systems 

The  hypothesized  method  of  failure  is  si  i  mg  n ■  i  i  i  '  , 

lying,  thin  shale  or  clay  beds  within  the  weather,  d  /.  j  ,1  :  ,• 

foundation  rock.  The  amount  of  progressive  f  oeeda  t  jop.  •••:  • 

tion  prior  to  failure  would  be  •  r.<-d  to  be  small  and  pjoJabiy 

in  the  order  of  a  fL..  Jt  j  oil  'jL  <in  i  i  i*.  ;  ,  <  i- » f  <•:'.(  ,  *  ; 

int  rujnentat  ion  system  must  be  capable  of  reliably  nrasui  1  •••}  '  • 
small  movements  of  the  structure  and  foundation  in  order  :  - 
resolve  trends  of  deformation  at  an  early  stage.  Fur thermo  re , 
the  system  should  be  permanently  install-''’  .nd  wired  to 
automa.  ically  provide  an  alarm  if  preset  limits  ui  :r.va;;-'nt  are 
exca  Jed . 


In  our  opinion,  a  rod- type  extensometer  system  may  be  used 
to  make  the  required  measurements.  Eighteen  instruments  should 
be  spaced  at  about  90 -foot  centers  as  shown  in  Fig.  1  on  the 
premise  that  any  significant  movements  would  involve  more  than  90 
feet  of  wall  and  thus  would  affect  one  or  more  instruments.  The 
extensometers  are  shown  in  section  on  Fig.  2  and  3,  respectively, 
for  the  shallowest  and  deepest  sound  rock.  The  extensometers 
spacing  may  be  increased  in  the  reconstructed  and  underpinned 
areas  located  in  the  southeast  quadrant  of  the  wall. 

The  elements  of  Lhe  system  would  include  the  following: 

1.  Percussion  or  core  drilled,  two-inch  diameter  borings 
to  sound  rock  at  an  angle  of  30  degrees  to  the  verti¬ 
cal  . 

2.  Stainless  steel,  0.25-inch  tubing  encased  in  0.5-inch 
PVC  tubing  and  fitted  with  a  hydrant  Leal ly  expanded 
anchor.  The  anchor  would  be  set  in  sound  rock  at  the 
base  of  the  hole  and  the  whole  assembly  grouted.  Four 
rod  assemblies  would  be  made  of  invar  to  aceuiately 
measure  movenv *nl s  related  to  temperature  changes  in  the 
rod  . 
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A  linear  potentiometer  sensor  with  a  sensitivity  of 
0.002  inch.  The  travel  would  be  +1.0  inch. 


4.  Terminal  sensor  housing  attached  to  the  face  of  the 
wall  or  embedded  in  the  wall. 

5.  Underground  connecting  cable  leading  -o  a  central  re¬ 
cording  station. 

6.  Central  control  terminal  with  automatic  low  voltage 
readout  circuitry. 

The  low  voltage  readout  circuitry  would  continuously  scan 
the  output  of  each  extensometer  sensor  in  sequence,  compare  the 
changes  to  preset  limits,  and  automatically  activate  an  alarm  if 
the  limits  are  exceeded.  The  system  would  also  print  out  the 
data  from  each  sensor  automatically  upon  demand. 

The  preset  limits  would  be  determined  by  experience  after 
the  first  extensometers  are  installed.  If  desired,  an  advance 
installation  of  a  few  instruments  may  be  made  to  establish  the 
movement  characteristics  of  the  wall,  before  a  ''arge-scale  in¬ 
stallation  is  made.  Such  an  experimental  installation  would  not 
incorporate  automatic  recording  or  alarm  systems. 

The  approximate  costs  of  the  materials  and  equipment  for  the 
18-^unit  system  are  shown  on  Table  1.  These  costs  exclude  dril¬ 
ling,  grouting,  and  labor  for  installation. 

In  addition  to  measuring  foundation  doforra. Lions,  it  would 
also  be  desirable  to  collect  and  monitor  seepage  on  a  long-term 
basis  as  an  indication  of  changing  conditions  and  possibly  moie 
severe  problems.  However,  we  have  studied  a  subdrain  system 
around  the  perimeter  of  the  basin,  and  it  appears  that  such  a 
system  would  have  to  be  installed  well  below  the  top  of  rock  'to 
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intercept  any  significant  amount  of  seepage.  The  diffieui-y 
cost  of  such  a  system  does  not  appear  justified. 

Permanent  Repai_rj> 

A  number  of  schemes  have  been  suggested  for  consider.it  ion, 
although  to  date,  none  have  been  studied  in  detai'.  ,  The  follow¬ 
ing  comments  apply  to  each  scheme. 

Pressure  grouting.  This  scheme  would  involve  the  injection 
of  cement  grout  using  a  sequence  of  vertical  o  1  dined  holes 
along  one  face  of  the  wall.  Presumably  the  grout  Id 
strengthen  the  foundation  and  reduce  leakage. 

In  our  opinion,  a  grouting  program  should  only  be 
undertaken  on  the  inside  face  of  the  structure  and  should  be  ac¬ 
companied  by  installation  of  a  drainage  system  beneath  and/or 
along  the  outside  edge  of  the  wall.  We  also  question  whether 
grouting  will  significantly  improve  the  strength  of  the  founda¬ 
tion.  If  relatively  high  uplift  pressures  are  present  beneath 
the  structure  then  grouting  and  the  associated  drainage  measures 
may  reduce  uplift  pressures  and  improve  stability.  If  high  up¬ 
lift  pressures  are  not  present  beneath  the  structure,  then 
grouting  would  probably  not  greatly  improve  stability.  It  is 
also  possible  that  sealing  the  foundation  may  also  result  in  a 
net  increase  in  the  horizontal  thrust  due  to  hydrostatic  pressure 
and,  therefore,  decrease  the  reserve  of  stability  of  the  struc¬ 
ture. 

If  grouting  is  planned,  more  detailed  information 
should  be  obtained  regarding  existing  uplift  pressures  beneath 
the  structure  and  the  groutability  of  the  formation. 

Waterproof inej.  It  is  clear  that  positive  steps  must  be 
taken  to  eliminate  or  reduce  seepage  through  the  masonry  wall  to 
acceptable  limits.  Such  seepage  will  cause  pioyessive  deter¬ 
ioration  of  the  structure  and  diastically  reduce  its  life  span. 


Limited  success  has  been  achieved  with  relatively  rigid  gunite 
linings  in  the  past.  The  effectiveness  of  the  gunit.e  has  un¬ 
doubtedly  been  affected  by  the  deformations  of  the  wall  due  to 
temperature  variations  and  the  imposition  oi  the  hydrostatic  load 
oh  the  wall.  It  appears  that  flexible  membrane  systems  should  be 
considered  at  this  time. 

It  would  also  be  beneficial  to  eliminate  or  reduce 
foundation  leakage.  This  also  may  be  accomplished  with  a  mem¬ 
brane  system.  Other  types  of  linings  may  also  be  feasible. 

Although  reductions  of  reservoir  leakage  would  be  bene¬ 
ficial;  the  effect  on  foundation  stability  is  not  clear.  If 
uplift  pressure  is  not  a  significant  factor,  then  reduction  of 
leakage  may  not  significantly  improve  the  short-term  stability  of 
the  system.  The  reduction  of  leakage  would  redjee  the  rate  of 
weathering  of  the  foundation  rock  and  thus  benefit  the  long-term 
stability. 

Underpin  wall.  Portions  of  the  wall  were  underpinned  in 
1921  by  hand  mining  the  defective  rock  in  sections  beneath  the 
wall  and  replacing  the  rock  with  concrete.  It  is  clear  that  this 
procedure  would  be  effective  in  adequately  increasing  the  sta¬ 
bility  of  the  wall.  The  obvious  disadvantage  is  the  time  re¬ 
quired  to  accomplish  this  method  of  repair  and  the  present  cost 
of  using  hand  methods.  Blasting  beneath  or  adjacent  to  the 
existing  structure  should  not  be  permitted. 

Drilled  piers.  This  scheme  would  consist  of  a  system  of 
piers  sustaining  a  post- tensioned  "ring."  In  our  opinion,  such  a 
concept  can  be  used  to  provide  the  required  increase  in  stabil¬ 
ity.  Consideration  may  also  be  given  to  providing  a  tension  ring 
without  pier  support  or  a  system  of  piers  with  a  nominal  cap 
beam.  Due  to  the  potential  mechanism  of  failure  along  a  thin 
clay  layer,  the  primary  mode  of  resistance  of  the  piers  would 
appear  to  be  shear  rather  than  cantilever  tending,  but  this  re- 
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quires  further  study  before  adopting  this  criterion  for 


d 


an . 


Major  reconstruction.  This  scheme  would  <:<•>  1st  of  ■  }  •  q  - 
ing  the  reservoir  capacity  by  lowering  the  floor  to  so< .•  •  .d  rock 
and  underpinning  the  walls.  From,  a  tc-chn  ical  ..oir1  >i  v  i  w,  ;  i  •’  s 
would  be  possible,  but  it  may  not  be  economically  feasible. 

Ticd^-back  ring  beam.  In  our  opinion,  it  would  be  feasible 
to  provide  the  required  increase  in  stability  by  constructing  a 
circumferencial  girth  beam  around  the  base  of  the  structure  and 
anchoring  the  beam  to  sound  rock  with  inclined  i •  .on  anchors. 
This  scheme  is  illustrated  in  section  in  Fig.  4  ana  5. 

It  appears  that  an  adequate  reserve  of  stability  can  be 
attained  by  increasing  the  factor  of  safety  against  horizontal 
sliding  by  0.5  (or  possibly  less),  i.e.,  providing  an  additional 
horizontal  resisting  capacity  equal  to  50  percent  of  the  existing 
horizontal  hydrostatic  thrust.  This  force  would  amount  to  about 
15  kips  per  foot.  In  our  opinion,  it  would  not  be  necessary  to 
anchor  the  reconstructed  or  underpinned  sections  of  the  wall. 

The  system  would  be  installed  by  drill jng  a  4.5-inch 
diameter  or  larger  percussion  hole  into  sound  bedrock,  placing 
the  girth  beam,  inserting  and  grouting  a  suitable  bar  or  stranded 
tendon,  testing  the  anchor,  and  then  locking  off  the  anchor  at  a 
percent  of  the  design  load. 

The  entire  installation  probably  can  be  installed  below 
present  grade  or  the  grades  adjusted  somewhat  to  provide  the  de¬ 
sired  cover  t.o  hide  the  system. 

tf  tills  scheme  is  of  inUi.'st,  the  preliminary  anchor 
design  criteria  shown  on  Table  2  may  bo  used  for  feasibility 
studies.  The  anchor  loads  may  be  increased  or  doet.  used 
depending  on  t  he  most  feasible  combination  of  .anchor  load, 
spacing,  and  girth  beam  section.  Where  tb  m  is  minimal 
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penetration,  of  the  wall  foundation  below  gt.nb,  a  i  ) 

result  may  be  achieved  by  extending  the  >r  a  in  below  ; 
the  structure  as  shown  in  Fig.  4.  Prior  to  adopting  tdi’-.  -  j ,,  ,  <■  , 

it  should  be  carefully  studied  by  a  structural  eng  i  n. i  i, 
evaluate  the  effects  on  the  oxi.>  t  Lag  wall  ud  i  .•  ;  !>.•  , 

economical  structural  system.  Tne  rock  con;  ;  should  i'.-o  ! 

*.  studied  in  more. detail  to  verify  anchor  embedment,  crit r  •  ia. 
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TAB  TiE  1 

ESTIMATED  COSTS 
E  X  T  Ff  >  SO M  ETER  S  Y  STEM 
EIGHTH  AVENUE  RESERVOIR 
m  SHV1LLE,  T>  NNFSSEE 


Es  t  ■' {  >d 


1. 

Stainless  steel  tubing, 
0.25-inch  with  0.5-inch 

PVC  tube 

Quantity 

34  7 

Unit 

LF 

Unit  Cost 

$  2.02 

Cos  t 

$  700.94 

2. 

Invar  rod,  0.25-inch  with 
0.5- inch  PVC  tubing 

104 

LF 

3.02 

314.08 

3. 

Anchor,  hydraulic  expand¬ 
ing 

18 

Each 

55.00 

990.00 

4. 

Linear  potentiometer. 

18 

Each 

310.00 

5,580.00 

0.002-inch  sensitivity, 
2- inch  range 


5. 

Terminal  housing, 
protective  cover 

18 

Each 

Included 

in  It c-m  4  . 

6  . 

Cable,  excluding  conduit, 
junction  boxes,  etc. 

10,000 

LF 

0.25 

2,500. 50 

7. 

Control  terminal  with  20 
channel  readout  scanner 
and  automatic  alarm 
circuit 

one 

Each 

10,000.00 

10,000.00 

8. 

Inspection  and  check  out, 
including  expenses 

20 

Manday s 

300.00 

Total 

6,000.00 

$26,085.02 

•  ■  •«=  -  y 


TABLE  2 

rki'L  i.M  •  i.’AHY  ANCHOR  DESIGN  AND  '  N  ST  A  LLAT  ION  Chirr  i:f  A 
1 , J GHTH  AVENUE  RI.S'RVOiR 
KASHVILI-E,  TLLNf GALE 


Basis  for  Design 

Provide  a  minimum  factor  of  s.-.  fatv  of  1.5  anal  Luv.d 
hydrostatic  thrust  at  anchor  yield. 

Provide  15  kips  per  foot  anchor  resistance  at  anchor  yield. 

Assume  25-foot  anchor  spacing. 

Required  lateral  force  375  kips  per  anchor. 

Required  anchor  force  375  kips/cos  30  degn_  433  kips. 

Anchor  Type 

Stranded  tendon  (VSL  type  or  equal)  ER  5-16,  13  strands, 
area  1.989  square  inch. 

Ultimate  strength  (f's  =  270  ksi) ,  536  kips 
Yield  strength  (0.85  f*c  =  320  ksi),  456  kips 
Factor  of  safety  at  yield  force,  1.53. 

Working  force  (0.6  f ’ s  =  162  ksi),  322  kips 
Factor  of  safety  at  working  force,  1.36. 

Bond  Length 

Assume  ultimate  giout/rock  bond,  300  psi . 

Assume  4.5-inch  diameter  hole,  sound  limestone  and  shaley 
1 imestone . 

Required  bond  length  to  develop  yield  force  of  tendon,  8.9  feet. 

Provide  a  minimum  bond  length,  15  feet. 

Provide  a  minimum  anchor  length,  35  feet. 

Inst  all  ati.  o  n 

Percussion  drilled  hole,  4.5-inch  diameter,  length  35-60  feet, 
total  length  3,000  LF. 

Install  tendon  and  grout  anchor. 

Place  girth  beam. 

Stress  anchor  to  322  kips  and  verify  performance. 

Lock  off  anchor  at  216  kips,  factor  of  safety  at  lock  off,  1 

Grout  stressing  length  of  tendon  for  corrosion  protection. 


Extensometer  insljlled  in 
sound  rock,  onchrred,  ond  grouted 
in  ploce 


Scoie  .  I "  :  lO' 


Min, mum  extenson eter  pens'ro'ion  i> 
into  sound  rock,  or  o  minimum  tctol 
length  ot  ?0’ . 


F  igti.h  hvf  r.'.ie  E  '  l  r  voir 

EX  TKNSOMK  VER  INSTAl  l  A  i  ION 
MINIMUM  I  ENGl'U 

r  4  qis  -  r  .  • 

i  iiimh,  me. 


t 


Sf  ole  :  I  "  :  '0 


V'igV.'h  Avenue  Pi'e'voif 

EXTENSOMETER  INSTALLATION 
MAXIMUM  LENGTH 


C-  i95 


sm>*.cn  i  mso«.  it*t. 

Ildl'MItU  t  li'  III  l‘»1* 


Jon,  ’£■ 


fc 


Note:  Configmotion  of  hose  of  wotl 

is  ur.Sr-own. 


Scole  :  l"=iO‘ 


rigt.th  fi.tr. :e  F-  ■-trvoir 

ANCHOR -MAXIMUM  I.HNG1H 

.'on,  H-/6 

S.  JssCH  l  *11$'*.,  I HC. 

1 1 1  if  r «it»i  c :» ivi  lints 


C- 


r 


APPEND I  X  C 


Letter  Report 
Eighth  Avenue  Reservoir 

January  19,  1976 


William  I.  Harclner 
legist 


William  l.  Gardner 
Geologist 


noKixMK  V*  XO  «v»S«*C 

xx  Kxotx  xt>;  p.'xpz'GXWK 
MmKmlck« 


7  Archer  Circle 
Moraga,  CA  94c.5d 


January  19,  1976 


Mr.  R.  T.  Throckmorton,  Jr. 
Geologic  Associates,  Inc. 

P.  O.  ".ox  663 
Fra’.uin,  TN  37064 


v.;wi.  a,-.-;-. 

J.  A  X. 

;v  ;  ■  >  >.  yw 


til'.)  •  ;s  ''5 

R  rcrjvr.D 

JA:t  23  ;5;G 

bionic  tssacum,  me. 


Ref t  Eighth  Avenue  (Kirkpatrick  Hill) 
Reservoir  ••  Nashville,  Tennessee 


Dear  Mr.  Throckmorton: 

In  accordance  with  our  telephone  conversation  last 
December  I  visited  your  office  and  the  Eighth  Avenue  (Kirk¬ 
patrick  Hill)  Reservoir  on  January  6  and  7,  19'’6  and  I  have 
studied  the  material  you  furnished  to  me  by  mail  and  during 
my  visit.  Discussions  were  held  on  January  6th  with  you, 

Mr.  L.  5.  Wilson,  of  your  office,  and  Mr.  Rudy  Dietrich,  Senior 
Vicepresident,  3urlingame,  California  office  of  Shannon  and 
Wilson,  Inc. 


These  general  discussions  included  a  review  of  the 
reservoir’s  history,  of  such  information  as  is  available  on  the 
wall  failure  of  November5,  191°  and  its  reconstruction  in  1914, 
the  1  9°0  investigation  arising  from  the  discovery  of  a  hori¬ 
zontal  crack  in  the  wall  just  north  of  the  rebuilt  segment,  the 
treatment  in  19°1  by  underpinning  the  wall  in  parts  of  the 
foundation  on  either  side  of  the  rebuilt  wall,  of  matters  in¬ 
cluding  possible  treatment  met  nods  cov-.-e  5  in  your  report  of 
November  °5,  I975and  an  examination  of  some  of  the  coie  from 
selected  holes  in  your  recent  subsurface  investigation.  fhero 
then  followed  a  discussion  led  by  Mr.  Dietrich  of  possible-  •n.-ro 
toring  systems  during  which  the  possibility  of  using  tendons  to 
stabilize  the  wall  and  foundation  was  mention’d.  Mr.  Dietrich 
was  to  give  further  study  to  these  items. 


On  January  7th  I  studied  the  enlarged  photographs 
of _ the  191^  failure  and  additional  recoils  ' rom  the  19-0  and 
^9J1  work.  Unfortunately  a  storm  on  the  7th  pi  •V'-nt.ad  any 

dot  ii.led  fiel  }  work  but  the  reservoir  was  r^vi  <vi  and  the  b  »p 
and  faults  expos. -d  in  vertical  outs  along  t  he  n  •  > :  by  hi  gv.w..y 
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were  viewed  briefly.  Although  these  beds  are  not  of  the  fame 
horizon  as  those  immediately  underlying  the  wall  they  were 
viewed  as  being  representative  of  the  geologic  conditions  at 
Kirkpatrick  Hill. 

Since  then  all  of  the  records  have  been  used  for 
a  more  detailed  study. 


DATA  ON  RESERVOIR 

Constructed  1837-1889,  masonry  wall  of  limestone  blocks  and  mor¬ 
tar. 

Crest  elev.  676. i  Width,  crest  8feet,  at  floor  of  basin  23  feet. 

Maximum  operating  water  level  673.5 

Base  of  weir  through  dividing  wall  672.95 

Floor  of  basin  642.75  (top  of  lining) 

Foundation  -  limestone  (Ordovician  age),  gently  dipping  north¬ 
westerly,  contains  clay  seams  in  weathered  zone  narallel  with 
the  bedding,  contains  interbedded  shale  and  3  small  scale 
faults  in  reservoir  area,  beds  are  crossed  by  polygonal  jointing. 


The  1975  investigation  was  stimulated  when  seepage 
apparently  increased  considerably  along  lower  courses  of  the  wall 
in  its  northwestern  arc,  at  the  other  end  from  the  1912  failure. 
There  was  no  seepage  at  the  time  of  my  visit  because  that  half 
of  the  reservoir  had  been  drained.  However  the  three  lower 
course  of  masonry  had  been  darkened  by  the  water  as  seen  in 
colored  photos  and  there  were  holes  in  the  mortar  through  which 
there  had  been  seepage.  The  elevation  of  the  top  of  this  zone 
is  about  652.5. 


1912  Failure  and  Treatment  in  19^0-1921. 


The  only  information  on  the  November  5,  1912  failure 
are  the  photographs  and  there  is  practically  nothing  on  the  re¬ 
construction  of  the  wall  in  1914.  However  the  few  photographs 
cover  the  break  fairly  well  and,  although  one's  imagination 
must  be  called  upon,  a  reconstruction  of  the  event  may  be  in¬ 
structive  in  considering  the  present  situation. 


There  were  three  major  segments  of  the  break  and,  as 
viewed  from  left  to  right  on  a  photo  taken  frc-m  inside  the  reser- 
voirth«y  are;  Block  "A"  very  roughly  120  feet  long.  Block  "B" 
about  25  feet  long  and  Block  "C"  about  70  feet.  The  break  be¬ 
tween  A  and  the  in-place  wall  to  the  north  is  nearly  vertical 
where-as  the  contact  between  the  rebuilt  and  old  wall  is  roughly 
1*1.  This  makes  it  difficult  to  locate  the  segments  accurately 
in  their  original  positions  but,  as  nearly  as  can  be  estimated, 

B  rested  on  fault  no.  1  as  shown  on  the  Plan,  sheet  1  of  6, by 
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Geologic  Associates,  Inc,  Froj.  75-090,  Nov.  h/ ’,  1975.  -V r '  » 1  ly 

the  plotted  position  of  the  break  between  A  and  3  is  d  i  •  1 1  y 
over  the  fault  as  ir-awn,  with  3  on  the  hanging  wall  sib-.  How¬ 
ever  the  location  of  the  fault  too  it  approxi  -  :  r  •? .  In  y  •  v  -nt 
the  rough  location  of  the  fault  with  respect  to  these  to  Mocks 
is  important  because  they  are  the  blocks  where  foundation  i'ailer<~ 
occurred.  At  the  •?  segment  the  lower  par'.  •  v ».  1 1  *  m  lined 

intact  and  was  st.il  in  place  on  its  four,  i  .  v..  on  as  view:-!  from 
the  reservoir?  whether  there  was  same  slight  .shift  on  its  f.un  Na¬ 
tion  and  what  was  the  si:  cation  on  ue  catei  -lae  cannot  be  dis¬ 
cerned  . 

The  initial  failure  evidently  occurred  at  B  because 
this  largely  .intact  block  moved  farthest  outward,  it  is  leaning 
sharply  inward  and  the  foundation  rock  appears  to  have  been  rno^t 
deeply  affected,  either  by  a  mass  of  it  m.  ..  j.  ■  • ->  a  deep  seam  or 

by  bc::,g  deepened  by  erosion  during  emptying  reservoir 

basi-  ,  It  is  not  known  whether  any  nart  of  the  foundation  remained 
attached  to  the  base  of  the  masonry  but  considering  the  geolog¬ 
ical  conditions  it  is  safe  to  assume  that  movement  took  place  on 
■  re  or  oossibly  mere  weak  seams  in  the  foundation.  The  moving 
.ass  clearly  pulled  away  along  joint  planes  from  the  rock  re¬ 
maining  in  the  foundation  near  the  perimeter  of  the  basin.  Block 
A  pivoted  about  its  northern  end,  a  near  vertical,  jagged  break, 
and  swung  outward.  It  parted  and  sheared  on  soma  of  its  lower 
courses  on  the  reservoir  side  and  these  remained  in  place  for 
possibly  one  third  of  its  length  from  the  north  end.  Apart  from 
this  the  rest  of  the  block  moved  on  a  seam  within  the  founda¬ 
tion.  A  closo-up  photo  from  outsde  the  reservoir,  of  a  and  the 
in-place  wall  shows  limestone  beds  still  in  contact  with  the 
masonry  although  there  is  a  sharp  gorge  that  was  eroded  beneath 
the  area  of  the  break.  It  also  appears  that  the  base  of  the  wall 
was  not  keyed  in^o  rock  but  was  placed  at  about  the  same  eleva¬ 
tion  or  only  slightly  lower  than  the  basin  floor. 

Notes  on  the  exploration  work  by  tost  pits  and  drill 
holesin  1  9?0  disclose  northeasterly  trending  seams  in  test  pits 
Nos.  9  and  3  in  the  southeast  quarter  of  the  wall.  ^'similar  seam 
in  test  pit  No.  S  near  the  major  axis  readily  transmitted  water 
as  drill  holes  along:  the  vicinity  of  the  fracture  within  the 
reservoir  lost  drill  water  which  soon  appeared  i i  pit  No.  P.  In 
the  opposite  direction  towards  pits  '.is.  f  and  3  this  fracture 
crosses  fault  No.  1  which  probably  diverted  the  water  and  carried 
it  about  40  feet  laterally  to  escape  under  the  wall  as  thr : e  was 
no  mention  of  water  in  the  latter  pits.  The  following  year 
features  called  cutters  (joints)  and  a  fault  were  encountered  in 
the  excavations  for  underpinning  the  wall.  fhese  fractures  are 
similar  to  and  ibout  parallel,  with  the  seam  found  in  l?°0r  they 
are  40  -  61  f  'f  urn  Lowest  of  the  ll'mr. 

The  frm.ture  system  described  above  .provided  a  geo¬ 
logic  situation  which  could  carry  seepage  from  a  large  ar«-a  of 


k 
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the  basin  through  the  rock  to  fault  No.  1  and  thence  under  Block 
B.  Ov£r  a  period  of  years  of  operation  seepage  probably 
slowly  increased  and  the  foundation,  particularly  at  B.  was 
ke£t  saturated  by  the  flowing  water  and  weakened  the  clay 
seams.  When  B  failed  the  dynamic  force  of  the  outflow  displaced 
A  and  simultaneously  large  blocks  of  the  wall  at  C  failed  along 
masonry  courses  and  were  toppled  outward.  There  may  have  been  a 
sharply  increasing  seepage  flow  through  the  foundation  for  some 
time  preceding  the  break  but  the  time  from  the  failure  on  the 
clay  seam  to  the  failure  of  the  wall  wc'ld  have  a  matter 

of  seconds . 


When  the  wall  was  -rebuilt  in  1914  an  interior  perim¬ 
eter  drain  was  constructed.  In  19?1,  besides  underpinning 
rather  short  segments  of  wall,  another  drain  was  constructed 
along  the  northeast  fault,  so  called,  which  drained  to  an  outlet 
at  test  pit  No.  8.  There  is  no  record  of  the  flow  from  these 
drains  or  whether  they  are  still  functioning. 


Present  Problem 


The  latest  problem  arose  when  seepage  on  the  wall  in 
the  northwest  arc  increased  significantly.  It  issued  through  the 
mortar  up  to  elevation  65?. 5  or  about  5.. 5  feet  above  ground  level 
and  10  feet  above  the  reservoir  floor.  The  reason  for  the  seepage 
to  increase  after  the  basin  was  cleaned  and  the  interior  side  of  the 
wall  gunited  in  1974  is  obscure.  If  the  seepage  was  directly  through 
the  wall  it  should  have  decreased  after  the  wall  was  gunited.  when  the 
reservoir  was  cleaned  there  was  about  one  inch  of  fine  material  on  the 
floor  and  removing  ic  could  have  allowed  more  seepage  loss  if  cracks  in 
the  lining  ware  no  longer  sealed.  If  seepage  on  the  wall  was  due  to 
the  artesian  pressure  of  water  hydraulically  connected  to  the  reser¬ 
voir  and  moving  through  fractures  in  the  foundation  rock,  then  it 
seems  that  there  would  have  been  some  indication  of  this  by  the  water 
levels  in  at  least  one  or  more  of  holes  Nos.  1  through  10  which  were 
drilled  before  the  west  basin  was  emptied  (June  ?3-?4,  1975). 

Most  of  these  10  holes  are  ?5  feet  or  more  from  the  wall 
and  some  are  close  to  a  steep  hillside  which  could  allow  rapid  drain¬ 
age  and  pressure  relief.  Hole  No.  10  is  at  the  base  of  the  wall  but 
the  evidence  at  hand  is  fragmentary  and  after  the  basin  was  drained. 

No.  10  is  on  Profile  E-B  and  the  rather  slow  drop  in  water  levels  along 
the  Profile  and  at  hole  No.  7  after  the  reservoir  was  drained  suggests 
a  low  transmissibili ty  so,  unless  there  was  a  rapid  pressure  drop  under 
the  wall  it  seems  that  there  would  have  been  a  high  piezometric  sur¬ 
face  at  No.  10. 

The  above  discussion  was  based  on  the  assumption  that  the 
base  of  the  wall  is  fiat  along  a  radial  line  and  therefore  the  lateral 
flow  was  unobstructed.  As  is  discussed  later  this  is  true  for  some 
sections  but  there  are  others  where  the  foundation  was  stepped  down 

toward  the  outer  perimeter  of  the  wall.  At  such  places  the  wall  would 
act  as  a  cut-off, 'in  this  case  on  the  downstream  side  of  the  dam,  and 
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cause?  uplift  pressures  within  the  will. 

Further  investigation  is  noeled  to  •  .  t  .,-j  '-in  ••  t  V.  i 
of  seepage,  in.,  if  there  is  movement  of  water  ii recti y  ' h>  r:  ;h 
the  wall  from  the  the  reservoir  or  if  it  is  artesian  pr^-sure 
under  the  wall  or  a  combination  of  rot  h. 


Foundation 


The  core  drilling  has  furnished  date  from  which,  in 
combination  with  an  understanding  of  local  geology,  a  clear 
picture  of  the  subsurface  geology  has  been  drawn.  The  core  re¬ 
covery  was  excellent  and  the  beds  ct.n  be  correlated  from  hole 
to  hole;  thus  the  displacements  account-  .  £  -  ■-  v>v  faults  Nos. 

1,  ?■  and  3  are'  reasonable  interpretations.  ;  hal^s  were, 

by  .  ecessi  ty,  l  ocated  several  feet  from  the  wall  the  •  x  .  '  t  ele¬ 
vation  of  its  base  is  not  known  and  cannot  be  related  precisely 
►o  the  geologic  log.  The  elevation  evidently  varies  from  place 
o  place  depending  upon  rock  conditions  as  is  depicted  on  Pro¬ 
file  D-*>  that  follows  the  perimeter.  Due  to  the  flare  of  the 
wall  however  it  would  have  been  intercepted  by  the  holes  if 
the  base  were  much  lower  than  has  been  estimated. 

The  impression  that  part  of  the  failed  wall  was 
founded  on  rock  close  to  the  elevation  of  the  basin  floor  is 
strengthened  at  a  nearby  section  on  a  drawing  showing  the  under¬ 
pinning  as  constructed  ( Dwg .  69S-?1,  Aug.  1,  19?1,  by  The  Chester 
Engine  .-rs,  Pittsburg,  Pennsylvania).  At  some  other  radial 
sections  this  drawing  shows  the  base  of  the  masonry  wall  to  have 
been  stepped  down  towards  the  outer  perimeter,  the  vertical  dif¬ 
ferences  ran. in g  from  7  feet  to  9feet  10  in.h-s.  If  this  was 
done  at  other  places  in  the  original  construction  it  raises  the 
question  of  the  quality  of  the  rock  left  m  the  foundation  to¬ 
ward  the  interior  perimeter  and  also  of  the  possibility  of  arte¬ 
sian  pressure  in  the  wall  due  to  trapped  or  at  least  impeded 
inov er.t  of  water  at  any  segments  where  natural  drainage  n  ay  be 
inadequate . 


The  limestone  is  com;  •;U>nt  i  ock  but  clay  seams  in 
the  weathered  zone  parallel  *  bu  .«*nt  ly  dir  i  t  g  beds  are  ser¬ 
ious  weaknesses .  The  1919  failure  is  Idim-d  to  hav™  occur  re  d 
on  such  a  seam  or  seams.  The  foundation  gei 'rally  falls  within 
this  weathered  zone.  The  conclusion  is  inevitable  that  much  -■  >l 
the  wall,  except  for  the  rebuilt  and  underpinned  segments,  is 
now  founded  upon  rock  of  dubious  cuality. 
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on  or  tieing  tt  to  competent  rock.  Underpinning  or  reinforce¬ 
ment  by  tendons  are  examples  of  such  an  approach.  They  are  dir*-c 
the  construction  is  controlled  and  the  results  are  more  readily 
known.  In  my  opinion  grouting  will  not  appreciably  improve  the 
shear  resistance  of  the  clay  seams. 

Drainage  is  a  secondary  measure  which  by  itself  would 
not  greatly  improve  the  present  stability  of  the  foundation,  a 
drain  along  the  inside  perimeter  as  was  constructed  along  the 
rebuilt  section  would  offer  some  protection  to  the  clay  scans . 
it  would  reduce  the  hydrostatic  head  and  the  flow  of  water 
through  the  foundation  at  tfyse  segments  that  are  not  drained 
naturally.  It  is  probable  that  along  the  northern  and  southern 
sides  which  are  near  steep  hillsides  the  natural  drainage  is 
entirely  adequate.  There  is  no  information  on  whether  the  pres¬ 
ent  drains  are  functioning  and  this  should  be  determined.  Like¬ 
wise  lining  the  reservoir  floor  and  guniting  the  (..all  are  highly 
useful  to  keep  leakage  within  acceptable  quantities  and  protect 
the  foundation  but  reducing  leakage  now  will  not  improve  the 
foundation. 


Monitoring  the  foundation  has  difficult  aspects. 

The  problem  is  to  interpret  the  data  from  a  monitoring  system, 
to  recognize  the  warning  signal  and  to  have  an  idea  of  how  much 
lead  time  it  gives  as  a  warning. 

Little  is  known  about  the  condition  of  the  wall  it¬ 
self.  After  83  years  the  mortar  is  bound  to  have  deteriorated. 
Drill  water  at  holes  drilled  from  the  top  of  the  wall  in  19?0 
was  lost  and  issued  along  the  wall  for  considerable  distances. 

And  of  course  there  is  the  latest  warning  signal  along  the  west 
basin.  Any  future  program  of  rehabilitation  should  include  test¬ 
ing  the  wall  and  determining  its  condition. 


Respectfully  submitted. 


Consulting  Engineering  Geologist 


mzmr-"' 


THE  CHESTER  E>  JGINEERS 

February  16  1976 


Mr.  K.  R.  Harrington,  Director 
Department  of  Rater  ft  Sovarago  Services 
8th  Floor  -  Stahlman  Building 
211  Alton  Street 
Ha'  iville,  TN  37201 

T)aar  Ray : 
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Foundation  Investigationa 


We  ara  in  tha  process  of  preparing  a  report  for  you  on  the 
investigationa,  discussions,  and  recommended  improvements  and 
modifications  on  the  subject  structure.  Brie ft/,  that  report 
will  cover  a  brief  history,  sunmary  of  present  conditions,  analy¬ 
sis  of  sub-eurface  investigations,  alternative  solutions,  pro¬ 
posed  instrumentation,  and  recommended  program  for  repair  to¬ 
gether  with  preliminary  design  and  estimate  of  cost. 


The  investigation  and  analysis  at  this  date  indicates  that 
lining  and  a  system  of  tendons  or  tied-back  ring  beams  would  be 
the  most  feasible.  There  is,  however,  one  vital  item  of  infor¬ 
mation  presently  missing  from  the  investigations  performed  to 
date,  ie. ,  the  structural  integrity  of  the  masonry  wall  itself 
together  with  water  levels  within  the  walls.  To  that  end,  we 
V'-Tbclieve  that  it  would  be  prudent  at  this  time  to  core  the  wall 
from  the  top  at  a  minimum  of  four  (4)  points.  We  would  certainly 
want  to  know  the  condition  of  the  wr*ll  before  recommending  any 
^substantial  anchoring  system.  It  is  estimated  :hat  such  coring 
jjJ5fc\vork  would  cost  approximately  $6,000  to  $8,000. 

In  addition  to  the  remedial  work  which  will  be  recommended,  we 
will  also  recommend  the  installation  of  an  Instrumentation  system. 
This  system  should  be  installed  regardless  of  any  remedial  work 
and  we  believe  the  sooner- the-better.  Such  instrumentation  would 
■  not  interfere  with  the  proposed  rmu'dla!  worl  and  would  greatly 
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W*i«t  la  the  final  installation  and  filling  of  the  reservoir. 


ft  has  been  recommended  that  the  instrumentation  consist  of  a 
system  of  rod-type  extensometers,  anchored  into  the  underlying 
Mild  rock  at  one  end  and  the  base  of  the  outside  wall  at  the 
other.  The  instrument  could  detect  aoveaent  or  would  have  a 
sensitivity  of  0.002  inch  with  traval  of  *  1.0  inch. 

An  estimate  of  the  aaterials  end  equipment  for  the  system 
with  permanent  read-out  and  monitoring  devices  is  $26,085.  This 
total  does  not  include  installation,  i.e.,  drilling  and  grouting 
end  engineering  cost  involved  in  monitoring  the  system. 


Pending  preparation  6f  our  report  we  would  be  happy  to  discuss 
the  foregoing  items  with  you  to  answer  any  questions  you  may 
have.  Please  let  us  know  if  you  concur  in  the  foregoing 
recommendations . 


Very  truly  yours, 

THE  CHESTER  H^GINEEBS 

V/  , 

T.  A.  Fithian 
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cc :  Ray  Washburn 

Ray  Throckmorton 


WILLIAM  I.  GARDNER 
Obolooist 
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Reoloflc  Associates,  Znc. 

F.O.  Box  668 
Franklin,  TR  37064 

Attention t  Nr.  ft.  T„  Throckmorton.  Jr. 


received 

ms  16  1976 
StflUDOlC  J&SffltS,  lilC. 


Reft  Eighth  Avenue  Reservoir 
•  Hashvij.:.*. .  ""'^nataea 


Dear  >\t.  Throckmorton  t 

Mr.  Rudy  Dietrich,  Senior  Vice-President,  Shannon  and 
*  ;  .son,  Inc.,  phoned  Thursday,  January  ^th  to  discuss  his  re- 
<ox*t  a  copy  of  which  I  have  received.  I  briefed  him  on  mine 
of  January  19,  1976  and  am  sending  him  a  copy. 


I  explained  that  the  main  purpose  was  to  present  an 
independent  review  of  and  judgement  on  the  geological  conditions 
and  the  reservoir  situation.  The  dominant  atestlon  of  course  is 
whether  the  reservoir  in  its  present  condition  is  safe,  unfor¬ 
tunately  an  absolute  answer  to  that  question  is  unobtainable  add 
the  answer  must  be  within  the  framework  of  a  judgement  and  an 
opinion. 


I  believe  that  from  what  we  know  of  the  geology  and  the 
past  history  of  the  reservoir  that  there  is  a  serious  risk  in  the 
foundation  and  possibly  to  some  extent  in  the  wall  Itself.  We 
cannot  measure  or  state  with  certainty  the  degree  of  risk,  the 
odds  might  be  that  the  reservoir  would  stand  there  another  quarter 
or  half  century  vith  only  minor  problems,  on  the  other  hand  a 
section  might  fail  over-night  as  it  did  in  after  23  years 

of  operation.  I  think  it  fair  to  point  out  also  that  Baldwin  Hills 
Reservoir,  in  Los  Angeles,  had  a  foundation  failure  after  many 
years  of  trouble-free  operation  and  that  it  provides  a  case  his¬ 
tory  of  the  astronomical  cost  of  such  a  failure  \flthin  a  city. 

On  the  question  of  whether  a  monitoring  system  would  an 
able  early  use  of  the  West  Basin  prior  to  any  reinforcement,  mea¬ 
sures  I  do  not  believe  that  an  opinion  should  be  given  without 
much  more  detailed  information  on  the  foundation  and  the  wall  and 
on  water  table  and  pie2ometric  levels  in  both.  Then  if  the  situa¬ 
tion  suggested  that  a  monitoring  system  might  be  a  sufficient  tem¬ 
porary  safeguard,  it  would  be  necessary  to  test  the  system  over  a 
trial  period  to  obtain  a  record  of  changes,  if  any,  that  occur  at 
the  .vest  Basin  while  empty,  and  at  the  2ast  Basin  under  operating 
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CCfldltim***  This  prior  record  would  provide  guidance  in  establish- 
iM  ^  a  tender  d  of  acceptable  phenomena  and  of  criteria  for  deter? - 
ieeee  the  danger  signals.  The  monitoring  system  aa  1  now  envisage 
it  mould  include  the  extensometers,  water  table  and  piezometer 
levels  from  recorders  at  key  observation  holes  and  the  tilt- 
pgtOff  along  with  a  reservoir  hydrograph  for  each  basin.  I 
thinm  that  before  putting  your  trust  in  such  a  system  you  would 
need  to  have  store  information  from  core  drilling  the  wall  and  under¬ 
lying  foundation,  from  taat  pits  and  possibly  some  tunnels  under  the 
well  to  study  directly  the  clay  seams  in  the  poorest  sections.  To 
am  it  looks  that  thin  will  add  up  to  considerable  cost  without 
assurance  that  it  will  work.  Furthermore  it  does  not  solve  the 
problem. , 


Thus  it  appears  to  me  that  the  direct  resolution  of 
the  problem,  assuming  favorable  estimates  of  cost,  by  anchoring 
the  wall  to  the  foundation  or  otherwise  improving  tl.s  factor  of 
safety  will  be  the  approach  to  take.  It  is  probably  the  one 
having  the  loweet  ultimate  cost  and  it  avoids  taking  risks  that 
are  unmeasurable  but  could  be  very  serious. 


Sincerely, 


William  I.  Getruner 

Consulting  Engineering  Geologist 


copy  to  Mr.  Rudy, Dietrich 

1550  Rollins  Road  Suite  F 
Burlingame,  CA  94010 
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P«br4r»  6.  19?*' 

Mr.  R.T.  Throckmorton  Jr. 

Geologic  Associates,  Inc. 

P.O.  Box  663 
Franklin,  TO  37064 

Ref  t  Sighfch  Avenue  Reservoir 
Nash"w  1 .1  •«-  Tennessee 

* 

Deav  Rays 

Enclosed  is  my  statement  for  professional  services  and 
expenses.  Actually  1  put  in  more  time  than  shown  but  there  was 
considerable  wheel  spinning  after  I  got  hocte  because  of  being 
under  the  weather,  as  they  say  out  here,  so  I  have  discounted 
part  of  it. 

My  enclosed  letter  may  be  helpful  to  you  to  reinforce 
my  report  which  I  kept  very  brief,  but  the  letter  expresses  more 
of  my  concern  fer  the  risks  and  consequences  at  the  reservoir. 

I  cun  concerned  too  for  the  responsibility  of  officials  in  a  public 
agency  to  lean  over  backwards  in  not  exposing  the  public  to  un¬ 
necessary  risk3.  I  am  in  favor  of  nuclear  power  plants  despite 
the  public  uproar  because  1  believe  that  there  is  a  redundancy  of 
built-in  safeguards  but  in  some  other  less  nublicised  situations 
it  is  easy  for  economics,  time,  costs,  etc.  to  cloud  the  main  isstae 

My  skepticism  about  relying  on  a  monitoring  system  ~.ts 
(lue  mainly  to  the  uncertainties  involved  -  how  much  time  will  yc 
have?  Enough  to  evacuate  the  basin?  should  you  also  evacuate 
the  homes?  And  when  I  compare  the  relative  costs  of  treatment  and 
the  consequences  of  failure  at  the  reservoir  the  balance,  to  me,  is 
overwhelmingly  in  favor  of  treatment.  At  Baldwin  Hills  the  fail^-o 
by  erosiontook  a  fairly  long  period  of  time  before  the  flood  was 
released;  plenty  of  time  for  a  complete  evacuation  of  the  people 
except  for  one  or  two,  as  I  recall  who  absolutely  refused  to  leave 
their  homes  and  were  drowned.  The  property  costs  were  enormous. 

X  saw  another  dam.  Lower  San  Fernando,  that  failed  but  did  not 
lose  the  reservoir  and  cause  a  great  tragedy  only  because  the 
reservoir  was  at  a  low  elevation  and  the  quake  did  not  continue  for 
only  a  few  seconds  longer.  1  saw  Yalpasset  three  or  four  months 
After  it  failed  and  the  devastation  war.  unforgettable.  I  have  not 
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Lent  but  I  have  given  considerable  study  to  the  slide  in 
Mm  with  another  consulting  Job.  Those  in  charge  were 

J  found  with  it,  to  ease  it  down  gently  you  might  say  and 
t  out  as  the  reservoir  was  raised  and  lowered.  No  one 
thought  that  it  would  let  go  instantaneously  and  virtually 
4L40piaCO  the  reservoir.  Engineers  were  sentenced  co  jail  because 
df  Valont. 


These  other  reservoirs  I.  have  mentioned  were  much  larger 
than  Nashville  which  relatively  is  on^y  *  teasrw-mful  in  volume 
but  any  loss  of  life  could  have  unpleasant  consequences  for  those 
in  charge.  X  don't  want  to  be  an  alarmist  but  people  should  be 
aware  of  these  caseu  if  they  are  not  already  familiar  with  them. 

The  difficulty  in  monitoring  climaxes  when  the  respon¬ 
sible  individual  must  decide  -  Do  1  order  immediate  evacuation  or 
wait?  You  probably  had  a  somewhat  braumatie  experi- -.cs  last  year 
in  this  respect.  It  is  the  dilemma  now  facing  the  UGGS's  earth¬ 
quake  people,.  Last  year  their  monitoring  system  said  "Sarthquake 
coming*4,  so  what  to  do?  Send  out  an  immediate  warning  and  scare 
the  people  half  to  death,  clog  the  roads  with  refugees  or  wait  for 
further  confirmation  and  hope  that  things  turn  out  well?  In  this 
instance  the  GS  cogitated  and  finally  started  the  warning  message 
through  channels.  When  the  "OK  to  issue"  was  received  at  Menlo 
Park,  CA,  a  3.5  cruake  had  just  occurred,  the  warning  was  not  issued, 
the  shock  was  scarcely  noticed  and  the  GS  was  off  the  hook. 

There  is  a  minor  correction  in  the  Table,  p.  ?  of  my 
report;  the  max.  operating  water  level  should  be  elevation  673. J5. 
And  on  the  same  page,  middle  paragraph,  is  the  elevation  65^.5  " 

correct  for  the  top  of  the  leaky  zone? 

I  hope  that  things  are  going  well  for  you'  and  family. 

We  finally  got  some  winter  weather  and  most  emphatically  because 
the  moisture  came  down  as  snow  and  that  is  not  supposed  to  happen 
around  here. 

With  my  best  regards. 


Sincerely 


A 

V 


William  I.  Gardner 
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REPLY  TO: 

P.  0.  BOX  668 
FRANKLIN.  TN.  37064 
♦.15-794  3596 


Metropolitan  Government  of 

Nashville  and  Davidson  Coun4y 
Department  of  Water  and  Sewerage  Services 
Stahlmen  Bui  Id' no 
Nashvl I le.  Ten' etsee  37201 

Attention:  Hr.  K.  R.  Harrington,  Director 

Gentlemen: 

Re:  Supplemental  Report 
Eighth  Avenue  Report 
Project  No.  75-090 

There  follows  a  resume'*  of  conferences,  the  acquisition  of  further 
data,  our  comments  and  conclusions,  and  miscellaneous  other  aspects 
related  to  tils  project  which  have  occurred  since  our  report  of 
November  25,  1975. 

EXPLORATION  AND  TESTING. 

We  have  performed  further  subsurface  exploration  which  Included  drilling 
end  pressure  testing  of  four  holes  (40,  41,  42,  43).  These  holes  were 
drilled  alonj  the  perimeter  of  the  reservoir  at  locations  which  would 
cover  a  representative  range  of  subsurface  conditions.  The  newly 
acquired  data  has  been  added  to  the  geologic  prof i les  which  have  been 
reprinted  and  are  submitted  herewith.  Two  physical  fett  data  sheets 
are  also  enclosed;  they  should  be  added  to  Volume  II,  Appendix  A,  of 
our  report. 


BRANCHES:  P.  O.  BOX  9278  KNOXVILLE.  TN.  37920  615— 573  7363 
2711  ft.  CAMPBELL  BLVO.  HOPKINSVILLE.  KY.  42240  502—8860721 
P.  O.  BOX  988  KINGSPORT.  TN.  618-246  4491 
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The  core  from  Hole  41,  drilled  within  the  reecn  repaired  In  1914,  as 
expected,  exhibited  cnly  the  most  modest  of  weaknesses,  and  leaked 
virtually  not  at  all,  especially  below  the  top  of  bedrock.  We  point 
out  that  the  Intent  of  the  hydraulic  pressure  testing  was  io  Indicate 
leakage  In  a  qualitative,  rather  than  quantitative,  fashion.  We  did 
not  wfsh  to  actual 'y  determine  the  maximum  amount  of  water  which  could 
be  made  to  pass  through  the  bedrock  weaknesses  at  a  given  pressure. 

Hole  43  was  drilled  almost  opposite  41  across  the  basin.  In  a  reach  of 
the  foundation  which  Is  only  moderately  weathered.  Again,  the  lower 
portion  of  the  hole  where  weaknesses  were  confined  to  softened  shale 
bands  and  laminae,  was  tight.  The  poor  condition  of  the  upper  portion 
of  the  bedrock  and  the  fact  that  casing  had  been  reamed  to  about 
elevation  637,  caused  some  physical  problems  with  the  packers  which 
precluded  a  good  test  on  the  upper  portion.  However,  the  zone  above 
637  would  have  assuredly  leaked. 

Holes  40  and  42  are  outside  of  the  east  and  west  basins,  respectively, 
and  essentially  opposite  each  other.  Both  holes  encountered  highly 
degraded  bedrock.  As  was  to  be  expected,  the  unweathered  bedrock  did 
not  leak  under  pressure.  On  the  other  hand,  above  about  elevation  615, 
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the  bedrock  accepted  water  freely  under  an  Induced  head.  The 
consumptions  and  pressures  noted  represent  the  test  pump  capacity  at 
a  preset  throttli  and  HPM.  He  did  not  attempt  to  ral*e  the  test 
pressures  (anr  consumption)  to  the  permissible  limits  by  accelerating 
the  englnel  We  were  surprised  to  find  that  during  testing  of  the 
Interval  ■  619-620,  Hole  42,  the  ground  was  actually  "sucking"  water 
faster  than  the  pump  oould  supply  Itl  This  fact  seems  to  Indicate 
that  the  bedrock  openings,  although  Individually  small,  are  quite 
well  Interconnected.  These  aspects  are  considered  further  In  this 
report. 

ADDITIONAL  CONSUtTANTS. 

After  our  meowing  of  December  17,  1979,  we  requested  permission, 
subsequently  granted,  to  obtain  additional  opinions  regarding  the 
condition  an1  stability  of  the  reservoir,  the  need  for  further  data, 
and  to  provide  supplemental  expertise  In  studying  monitoring  and 
remedial  systems.  Subsequently,  we  arranged  for  Mr.  Rudy  J.  Dietrich 
of  Shannon  and  WHson,  Inc.,  and  Dr.  William  I.  Gardner,  Consultant, 
to  visit  the  site  and  confer  with  us  during  the  period  January  9-7,  1976. 
We  talked  with  ‘these  two  parsons  because  of  their  diverse,  but  highly 
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experienced,  backgrounds  with  reference  to  the  geological,  engineering, 
stability,  monltorlfg  and  long-term  repair  methods  for  similar  water- 
retention  structures.  Messers  Gardner's  and  Dietrich's  reports  and 
personal  data  have  been  submitted  as  they  became  available.  We  shall 
comment  as  necessary  on  various  aspects  of  their  reports  In  our 
discussion  which  follows: 

PRESENT  CONDITIONS. 

The  reservoir  remains  In  operation  with  the  East  Basin  In  service  and 
the  West  Basin  essrntlally  drained.  Continuing  monitoring  of  the  slope 
Indicators  and  tlltplates  does  not  indicate  detectable  instability-. 
Recent  water  level  readings  In  the  ten  holes  still  available  for 
observation  agree  very  closely  with  those  recorded  since  the  West  Basin 
was  taken  from  service.  Of  course,  with  the  West  Basin  drained  there  is 
no  seepage  through  the  masonry  on  that  arc;  however,  minor  seepage 
continues  through  tower  courses  between  the  1914  reconstruction  and 
the  south  minor  axis.  From  time  to  time  we  have  visually  inspected 
the  manholes  providing  access  to  the  1914  East  Basin  perimeter  drain 
and  the  1921  drain.  While  water  stands  In  both.  It  appears  stagnant 
and  we  doubt  that  It  is  possible  to  positively  determine  whether  either 
drain  system  Is  In  fact,  functioning.  We  believe  that  the  recent 
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pressure  test  data  and  the  static  water  level  observations  tend  tc 
confirm  our  supposition  that  the  major  portion  of  the  continuing  volume 
of  leakage  from  the  reservoir  can  follow  steeply  Inclined  paths 
downward  and  away  from  the  base  of  the  structure  openings  In 

the  highly  degraded  zone.  On  the  other  hand,  the  phreatic  level  is 
undoubtedly  ^ulte  high  and  slopes  gently  away  from  the  perimeter  of 
the  structure  where  the  tnansmlsstbi I Ity  of  the  bedrock  is  poor.  We 
also  conduce  that  only  In  the  latter  areas  Is  It  likely  that  any 
hydrostatic  uplift  can  be  exerted  at  the  base  of  the  wall. 

Messrs  Gardner  t nd  Dietrich  hove  concurred  in  our  assessment  of  geological 
conditions  and  rtelr  probable  effect  on  pest,  end  future,  failures  of  the 
structure,  fhny  also  agree  ee  to  the  probable  mechanisms  acting  during 
past  failures,  as  well  as  thosa  which  oould  Influence  future  failures. 

Both  Dietrich  and  Gardner  taka  even  more  conservative  approaches  to 
assessing  the  ,  resent  stability  of  the  structure  than  we  had  taken. 
Stability  calculations  which  consider  hypostatic  uplift  forces  further 
reduce  the  theoretical  margin  of  safaty  under  which  the  structure  is 
operating.  Alto,  by  virtue  of  both  consultants'  extensive  experience 


m 


A 


Metropolitan  Government  of 

Nashville  and  Davidson  County 
Page  Six 

February  20,  1976 

In  considering  seismic  risks  to  structures,  they  have  emphasized  the 
fact  that  even  a  very  modest  earthquake  could  Initiate  changes  In  the 
existing  regime  which  could  rapidly  lead  to  failure. 

With  futher  reference  to  the  present  Integrity  of  the  structure,  both 
consultants  agree  that  some  factual  data  regarding  the  strength  of  the 
masonry  should  be  obtained.  We  concur,  and  you  will  recrll  that  we 
have  deferred  this  operation  for  various  reasons  since  last  summer. 

We  still  have  mixed  reelings  regarding  the  need  for  data  versus  the 
risks  to  the  structural  integrity.  Coring  the  wall  will  require 
obtaining  nominal  6”  4  core  (■  8"  4  hole)  of  the  masonry  and  a  short 
segment  of  the  underlying  bedrock.  Drill  water  will,  of  necessity, 
be  Introduced  Into  the  masonry  wall  and  Into  the  weathered  bedrock 
directly  below.  It  will  probably  be  prudent  to  have  a  grout  plant 
standing  by  during  this  phase  of  the  exploration.  It  will  be  necessary, 
ultimately,  to  grout-up  these  test  holes,  anyway. 

FURTHER  CONSIDERATIONS.  REMEDIAL  MEASURES. 

Both  Gardner  and  Oletrlch  have  considerable  misgivings  regarding  the 
efficacy  and  safety  of  a  pressure  grouting  program  as  a  permanent 
remedial  measure  The  concensus  seems  to  be  that  a  consolidation 
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grouting  progrrm  would  be  much  preferred  to  curtain  grouting  of  the 
toe  area  of  the  wall  (dam).  Consolidation  grouting  would  require 
remova'I  of  the  butyl  cover  and  access  to  the  floor  of  tech  of  the 
basins.  All  ejree  that  any  grout  program  would  .-*•  t  'ncluslon  of 
a  drainage  system  at  Its  aKterlor  (at  or  under  tho  toe  of  the  wall) 

In  order  to  preclude  the  build-up  of  hydrostatic  forces  under  the 
wall,  regardless  of  whether  or  not  the  wall  foundation  Is  stepped. 

The  drainage  system  could  well  be  very  costly  and  difficult  to  Install. 

They  further  agree  that  It  may  be  essentially  Imposslb’e  to  assess  the 
degree  to  whici  the  grouting  process  would  enhance  the  stability  of 
the  weathered  rock  zone. 

In  addition  to  our  discussion  early  In  January  with  Dle+rlch  and  Gardner, 
representatl /as  of  Metro  Water  and  Sewerage  Services,  the  Chester  Engineers 
and  Mr.  Roger  Bethel  of  Spencer,  White  end  Prentice,  l«ic.,  conferred  at 
our  office  January  27,  1976.  At  that  time  we  further  discussed  the 
relative  merits  of  the  possible  remedial  efforts  mentioned  In  our  report, 
as  additions1 ly  defined  during  our  conference  December  18,  1975.  It  was 
the  concensus  ihat  both  conventional  underpinning  and  a  drilled  pier 
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retention  system  are  uneconomical  solutions.  Further,  because  of 
excavation  costs  and  the  fact  that  the  reservoir  cannot  be  removed 
from  service  for  tne  forseeable  future,  a  general  enlargement  and 
reconstruction  of  the  reservoir  Is  not  feasible,  either. 

Everyone  seems  to  agree  on  the  need  for  one  aspect  of  the  remedial  work  - 
waterproof  lining  of  the  basins.  The  Informal  discussions  have  considered 
remodeling  the  existing  covers  to  serve  as  liners.  Tnls  procedure  seems 
to  be  a  prerequisite  for  any  of  the  repair  schemes  and  should  probably 
be  Implemented  as  soon  as  possible.  Obviously,  converting  the  covers 
to  liners  requires  Irstalllng  a  new  cover,  ultimately.  We  strongly 
suggest  that  the  lining  be  Initiated  soon  and  that  It  not  be  contingent 
on  ordering  and  Installing  a  new  cover. 

During  the  various  meetings  several  persons  have  suggested  Investigating 
the  efficiency  and  cost  of  a  tie-back  retention  system.  This  scheme 
appears  to  have  several  advantages  over  others  In  that  cost  ought  to  be 
within  reason.  It  can  be  Installed  without  Interrupting  us?  of  the 
reservoir,  and  the  system  can  be  designed  to  enhance  the  operating  safety 
factor  to  a  level  acceptable  by  today’s  standards.  Design  and  cost 
aspects  of  this  system  are  under  consideration  by  Chester. 
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INSTRUMENTATION. 

Prior  to  returning  the  Nest  Basin  to  service,  and  certainty  before 
beginning  any  remedial  construction,  the  concensus  Is  that  the 
Instal latlon  of  further  Instrumentation  Is  es&a':'*«> 

The  observation  wells  and  Inclinometers  Installed  during  the  exploration 
are  of  continuing  use,  but  need  to  be  supplemented  with  a  system  of 
Inclined  eKtensoneters  which  will  be  capable  of  detect’ng  very  small 
Increments  o*  movement.  Mr.  Oletrtch  has  discussed  this  aspect  rather 
thoroughly  In  his  report;  In  fact,  we  engaged  the  services  of  Shannon 
and  Wilson  p-lmerlly  because  of  their  expertise  In  designing  sophisticated 
monitoring  systems.  We  believe  that  their  approach  Is  the  best  available 
and  that  the  system  will  function  as  described.  The  extensometer  systen 
will  not  only  monitor  the  reservoir  subfoundation,  but  will  also  be  of 
use  In  safely  Installing  a  permanent  retention  system,  such  as  the 
tie-backs  or  tendsns. 

Dr.  Gardner**  concern  and  comments  regas-dlng  the  "difficult  aspects"  of 
properly  monitoring  the  subgrade  of  the  reservoir  and  In  assessing  the 
resultant  data,  »re  valid  and  well-taken.  On  the  other  hand,  Mr.  Dietrich 
believes  that  the  detection  of  the  small  movements  preceding  any  large-scale 
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movements  Is  essential  In  providing,  ‘an  advance  Indication  of  Imminent 
failure."  Obviously,  the  uncertainties  pointed  out  by  Dr.  Gardner 
regarding  when  and  how  to  "sound  the  alarm"  based  on  the  data,  as  well 
as  the  fact  that  the  alarm  and  subsequent  failure  mlgh1-  occur  within 
seconds,  pose  very  serious  problems  which  cannot  now,  or  may  not  ever, 
be  resolved. 

While  we  all  have  reservations  regarding  the  ability  of  any  monitoring 
system  to  provide  us  with  lOOf  fool-proof  or  fall-safe  data,  we  believe 
we  must  have  the  best  available  If  we  are  not  possibly  to  later  be 
thought  derelict  In  our  duty  to  the  public  safety. 

COST  ESTIMATES. 

Mr.  Flthlan's  letter  of  February  16th  notes  the  costs  we  have  estimated 
for  the  core  drl 1 1 Ing  of  the  wal I . 

Within  a  few  days  we  expect  to  have  an  estimate  of  the  cosi  of  drilling 
and  groutlng-ln  the  extensometers,  which  will  then  complste  the  cost 
estimate  for  the  monitoring  system.  We  are  available  to  discuss  any  of 
the  aspects  of  this  matter  at  your  convenience. 


Respectfully, 

GEOLOGIC  ASSOCIATES,  INC. 


R.  T.  Throclenorton,  Jr.,  P.E. 
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Hirdmy  Construction  Company 

61$  Main  Street 

Nashville,  Tennessee  37201 


Martin  Keenan 


Our  WO  77-47 
Eighth  Avenue,  Reservoir 


Gentlemen: 


This  *111  confirm  our  telephone  conversation  of  October  14,  in 
which  me  discussed  the  results  of  the  meeting  held  on  October  13,  at  the 
«<o£fice  of  the  Chester  Engineers  in  Coraopolls . 

For  those  tendons  which  apparently  have  failed  in  the  anchor 
'•sons  for  reasons  which  are  unable  -to  be-determined  at  the  present  time,  the 
pioneering  course  of  action  is  suggested: 

~1.-- increase  the  anchor  force  in  the  two  immediately  adjacent 
'•vtandone  to  0.7  P,  or  222.6  kips. 

•  • 

■~2.  Abandon  the  tendon  which  has  failed. 

•• 

-For  those  tendons  which  show  evidence  of  blockage  in  the 
.coupler  shield,  with  the  exception  of  the  tendon  at  Station  1+87.5,.  the 
-  -following  course  of  action  is  recommended: 

-1.  Tension  to  160  kips. 

-  Continue  tensioning  for  the -additional  strain  to  compensate 

wedge  seating  loss . 

-3.  -Seat  the  wedges. 

*  •  »  ’ 

» 

'•This  will  result  in  the  tendon  which  is  ancho.-ed  at  the  force 
jrprSscribed  by  the  specification. 


•uppMers  and  installers  of  Post  Tensioning  Systems  •  Placers  of  Reinforcing  steel  •  Fabricators  of  Miscellaneous  Mstais 


l)«rdmy  Construction  Company 

October  17.  1977 

Page? 


In  the  erne  of  tha  tendon  at  1487.5,  there  is.  apparently,  nothing 
to  be  loot  by  an  attempt  to  clear  the  blocked  coupler  shield  and  thereby  restore 
It  to  full  intended  service.  If  that  can  be  done,  then  the  tendon  at  1487. 5  and 
the  tendon  at  Station  1+72.5  can  be. anchored  at  222.6  kips  and  the  tendon  at 
Station  1+00  abandoned.'  However,  if  it  is  not  possibly  to  rejtore  the  tendon  at 
Station  1+87.5  to  full  intended  service .  a  new  tendon  will  have  to  be  added 
somewhere  between  Station  1+80  and  1+87.5. 

4 

• 

You,  aa  general  contractor,  ahould  prepare  a  v.-rii‘e.n  proposal 
and  submit  it  to  both  Geologic  Associates  and  the  Chester  Engineers  (or 
approval.  Based  on  tne  verbal  agreement  reached  in  Chester's  office  between 
Rey  Washburn,  Ed  Weinheimer,  Tom  Chin,  and  myself,  Chester  will  approve 
such  a  proposal. 

Vary  truly  yours,., 


*  \  i  i 

•  L  ....  4  *  lui  0  . 

Ronald  J.  Bonotno 

Vice  President  -  Operations 


RJBtbjf 


•t  ■  t*«  r- . . 


v  4 


m. 


GEOI  OGIC  ASSOCIATES.  INC 

GEOLOGISTS  AND  ENGINEERS 


REPLY  TO: 

P.  O.  BOX  668 
FRANKLIN.  TN.  37064 
616-794  3596 


October  24,  1977 


The  Chester  Engineers 
2901  Hillsboro  Road 
Nashville,  TN  37212 


Attention:  4r.  Richard  Duncan 

r 

Gentlemen: 


Re:  Repel rs  to 

Eighth  Avenue  Rosorvo > r 
Project  No.  76-WC-47A 


With  reference  to  the  above  work  and  a  tetter  to  yoc  from  Hardaway 
Construction  Dunf-any,  Inc;,  dated  October  21,  1977,  we  reply  herewith. 


As  background,  you  will  recall  that  tendons  on  Line  *B'  at  Stations 
1+42.5,  1+80,  and  3+77.5  failed  during  the  tensioning  process.  After 
discussions  Involving  the  contractor,  his  supplier  (Si-ressteel)  as  well 
as  you,  Mr.  Flthian  and  Mr.  Washburn,  the  following  operation  was 
authorized  verbally. 


(Xtlng  to  the  fact  that  the  concrete  ring  well  was  designed  to  safety 
withstand  tensioning  forces  applied  on  a  spacing  of  fifteen  feet,  the 
tendons  on  Line  'B*,  at  Stations,  1+33,  1+50,  1+72.5,  1+87.5,  3+70, 
and  3+85  were  Ic*  be  re-tenslonod  to  222.6  Kips,  «ach.  This  anchor 
force  is  equivalent  to  0.7  f*#. 


•RANCHES:  ROUTE  33.  McDRIDC  LANE.  KNOXVILLE,  TN  37922  615  9669761 
27i:  Fr.  CAMPBELL  01  VO..  HOPKINSVILLE.  KY  42240  602  886-0721 
*  ANWM6  KINGSPORT.  TN  37662  615 446-4491 
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Further,  tenders  on  Uno  »B»,  at  Stations,  1+87.5.  1+95.  2+10,  2+17.5 
and  2+22.3  did  not  elongate  during  tensioning,  when  subjected  to  the 
proof  atrass  of  23P  Kips,  to  the  extension  calculated.  However,  graphs 
resulting  from  the  plotting  of  Incremental  loading  Indicated  that  all, 

aMoapt  for  Station  1+67.5,  could  be  safely  tensioned  to  the  working 

¥ 

-  load  of  160  Kips. 

The  tendons  at  S+a.  1+87.5  *B*  ware  a  special  case  in  that,  in  order  to 
-.preclude  installing  a  new  set  nearby.  It  would  be  necessary  to  tree  these 
^sufficiently  to  permit  a  working  stress  of  222.6  Kips.  Subsequently, 
eMsrdaway  devised  a  special  reamer -and  the  tendon  pair  at  Station 
cl +67. 5  *8*  was  repaired. 


^Qn  Friday,  October  21,  the  .following  operations  were  completed: 


al  The  tendons  at  Stations  1+72.5  ’B*  end  1+87.5  ’B'  ware 
-rastressod  and  anchored  at  222.6  Kips  working  'oad. 

...->This  operation  rectified  the  failure  at  Station  1+80  'B*. 

.  .b)  Tendon  pairs  at  Stations  1+35  'B*  and  1+50  *Bf  were 
.^stressed  to  a  working  load  of  222.6  Kips  and  anchored 
•  -to  replace  those  at  Station  1+42.3  ’B‘. 

;-C>  .A  similar  operation  anchored  the  .tendons  at  Station 
-a*70  'B'  .md  3+85  »B'  at  222.6  Kips  to  span  tho 
-t^tendons  which  failed  at  Station  3+77.5  'B' . 

,-wdl  -The  Vendor  pairs  at  Stations  1+95  ’B',  2+10  *B', 

-*a2+l7.5  'B'  and  2+22.5  ’B'  were  tensioned  and 
Mmanchored  at  their^design  working -load  of  160  Kips. 
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« 

e 

These  operations  satisfactorily  completed  the  tendon  enchorage  system 
for  the  East  Basin.  One  pair  of  tendons  at  Station  2t37.5  'A'  should 
not  be  cut  off  until  they  are  checked  for  lift-off  pressure  one  more 
time.  Incidentally,  nine  tendon  pairs  were  rechecked  for  their  ability 
to  maintain  working  load  prior  to  cut-off.  Of  these,  only  the  tensons 
noted  above  will  require  further  checking.  All  remaining  tendons  may  be 
cut-off  and  sealed  with  grout. 


Respectful ly, 

GEOLOGIC  ASSOCIATES,  INC. 


R.  T.  Throckmorton,  Jr.,  P.  E.  . 


RTT/mr 

Copy:  Mr.  K.  R.  Harrington 
Mr.  Martin  Keenan 
Mr.  Ray  Washburn 


r 


ADDITIONAL  EXPLORATION 
EIGHTH  AVENUE  RESERVOIR 
NASHVILLE,  TENNESSEE 


GEOLOGIC  ASSOCIATES.  INC. 

GEOLOGISTS  AND  ENGINEERS 


REPLY  TO: 

P.  O.  BOX  668 
FRANKLIN,  TN.  370&4 
615  794  3596 


November  23,  1977 


The  Chester  Engineers 
2501  HU  Isborc  Road 
Nashville,  Tennessee  37212 

Attention:  Mr.  Richard  Duncan 

Gentlemen : 

Re:  Additional  Exploration 
Elghtn  Avenue  Reservoir 
Nashville,  Tennessee 

With  reference  to  the  above  site,  ws  have  completed  the  drilling  of 
five  additional  exploratory  holes  in  the  foundation  for  the  east 
basin.  The  subsurface  data  is  shown  on  the  appended  drawings. 

When  construction  work  began  in  enc  under  the  east  basin  we  noted 
that  the  initial  drilling  for  tendons  indicated  that  poor  subsurface 
conditions  existed  beneath  the  1921  underpinning  near  Ihe  south  axis. 
Subsequently,  cored  holes  angled  et  £5°  showed  that  poor  quality 
concrete  (IE2I)  and  deeply  weathered  rock  underlay  this  area. 

Further  exploration  eastward  showed  that  the  southern  extremity  of 
the  1914  reconstruction  underground  is  several  feet  eastward  of  the 
contact  visiole  cn  the  wall.  Exolc'ation  of  the  remainder  of  this 
latter  section  indicates  that  it  is  in  acceptable  condition.  We  point 
out  that  to  a  degree  the  present  adoration  had  been  planned  -  for  as 


BRANCHES:  ROUTE  33,  McBRIDE  LANE. 
2711  FT.  CAMPBELL  BLVD.,  HOPK'N 
P.  O.  BOX  988.  KINGSPORT. 


-  NOXVILLE.  TN  37922  615  966  9761 

ivilLE.  KY  42240  502  886  0721 


N  37662 


615-246-4461 
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a  reliable  means  of  establishing  the  "overlap”  necessary  for  various 
segments  of  the  ring  wall  -  tendon  system. 

Based  on  the  data  we  conclude  that  it  is  prudent  to  extend  the  under¬ 
pinning  entirely  across  the  1921  reconstruction  near  the  south  axis 
and  thence  into  the  1914  area  for  a  distance  of  about  sixty  feet. 
Parenthetically,  the  new  data  indicates  that  the  1912  failure  occurred, 
initially,  within  the  major  fault  zone  which  crosses  the  wail  near 
Hole  31. 

On  Monday,  November  21st,  we  discussed  this  matter  thoroughly  with 
Mr.  Duncan  and  Mr.  Keinheimer,  and  after  examining  the  data  and  the  core 
you  agreed  with  our  interpretation.  Accordingly,  we  conferred  with 
Mr.  E.  C.  Hughes,  Hardaway  Construction  Company,  and  computed  the 
stationing  and ‘lengths  of  tendons  required  to  perform  this  work.  A  copy 
of  these  data  is  enclosed. 

Owing  to  the  season  of  the  year  and  various  other  construction-related 
constraints,  we  recommend  that  contract  76-V/C-47A  be  quickly  modified  to 
permit  this  change. 


Yours  very  truly, 
GEOLOGIC  ASSOCIATES,  INC. 


R.  T.  Throckmorton,  Jr.,  P.  E. 


RTT/mr 

Copies:  Mr.  K.  R.  Harrington 
Mr.  Ed  Weinheimer 
Enclosures:  Data,  I 

Drawings,  3 
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6F0L0GIC  ASSOCIATES.  INC. 

GEOLOGISTS  AND  ENGINEERS 


REPLY  TO: 

P.  O.  BOX  668 
FRANKLIN.  TN.  37064 
6IS-794-3596 


February  28,  1978 


PEGEWE 

MAR  1  1978 


The  Chester  Engineers  WATER  &  SEWEMAfii  Sf/tiCCS 

2501  HI  I  Ishoro  Road  HJShVlUe,  tattca  3J2Q1 

Nashville,  TN  37212 


Attention:  Mr.  Richard  Duncan 


Gentlemen: 


Re:  Geotechnical  Services, 

Instrumentation  fcr  Eighth  Avenue  Reservoir 
Project  No.  78-310 


During  the  thorough  study  made  of  subsurface  conditions  at  the  reservoir, 
numerous  holes  were  core  drilled  around  the  perimeter  of  the  wall. 
Subsequently,  ten  of  these  holes  were  utilized  during  the  Inslallatlon 
of  an  Inclinometer  monitoring  system.  Parenthetically,  four  other  holes 
some  distance  away  from  the  reservoir  at  various  points  comprise  the 
remainder  of  the  system.  As  you  will  recall,  the  Inclinometer  system 
was  our  on-y  method  of  monitoring  the  condition  of  the  subgrade  of  the 
reservoir  prior  to  completion  of  the  SKtensometer  array.  Since  that 
time  the  Inclinometers  have  been  more  or  less  on  "standby"  because  the 
extensometers  permit  more  precise  monitoring.  However,  they  have  been 
checked  from  time  to  time. 


■RANCHES:  ROUTE  33.  MeBRIOE  LANE.  KNOXVILLE.  TN  37322  618-966  9761 
1711  FT.  CAMPBELL  BLYO.  HOPKINSVILLE.  KY  42240  902  8864)721 
P.  O.  BOX  888.  KINGSPORT.  TN  37662  61544*4491 
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The  location  of  these  drill  holes  and  the  special  casing  grouted  In  them 
Is  such  that  they  are  Just  Inside  or  outs  Me  of  the  toe  cf  the  conc-ete 
ring wall.  Their  locatton(s)  posed  no  problem  until  It  was  decided  to 
cover  the  concrete  rlngwall  with  an  earth  blanket.  Contract  76-WC-47A 
has  now  been  modified  to  provide  for  this  effort.  Consequently,  In 
order  to  continue  to  use  the  inclinometers  the  riser  pipes  must  be 
extended  through  the  earth  cover.  Furthermore,  In  order  to  protect  the 
special  plastic  casing.  It  will  be  necessary  to  concrete  5"  <fc  Iron  pipe 
•round  It. 

MW  have  carefully  considered  the  matter  and  believe  that  the  Owner  would 
be  well-advised  to  authorize  this  additional  expenditure,  considering 
the  considerable  Investment  already  made  In  instal I ing  and  monitoring 
these  features.  Moreover,  It  Is  wise  to  have  this  system  available  on  a 
standby  basis  for  the  foreseeable  future. 

The  task  of  raising  the  pipes  and  performing  the  peripheral  work  Involved 
aust  be  done  by  our  forces  with  the  cooperation  of  the  contractor.  Based 
on  our  current  schedule  of  fees  and  the  material  costs,  we  estimate  the 


it  of  this  effort  at  $3,800 
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Please  authorize  this  work  as  soon  as  possible,  because  the  contractor 
Intends  to  place  the  earth  bare  as  scon  as  weather  permits. 


Yours  truly, 

firomair  a<;<«V!Iatf<  imp 


RTT/mr 

Copy:  Hr.  K.  R.  Harrington 


Geologic  Associates,  Inc.  gecxoqsisandenginwrs  I  (j/i 

J//4/7  6  —  /3 ftrr'K'j  ^V<// 

(  \  j&& 

September  «*78  j Q)  £  fi  |f  g  ¥J  |F  Rl'l  , 


Metropol  I  ten  Government  of  Nashville 
and  Davidson  County 

Department  of  Water  and  Sewerage  Services 
Stah  linen  Beil  ding 
Nashville,  Tennessee 


ur-u  s  c  vv- j  *  * 

.  /.I 


Attantk.«s  Mr.  K.  R.  Harrington,  Director 

Re:  8th  Avenue  Reservoir 


Continuing  Monitoring 
of  The  Extensometer  System 


Gentlemen: 


Ar  you  xnow,  the  terminal  monitor  has  now  been  relocated  to  Its 

permanent  position  in  the  operations  building.  The  system  Is 

functioning  pretty  well;  however,  we  are  obtaining  erratic  readings, 

they  seem  to  fluctuate  on  a  dally  basis  from  several  of  the  units. 

# 

We  suspect  that  some  moisture  In  connections  at  the  junction  ' 
boxes  may  be  the  cause.  We  have  ordered  packets  of  dessicant  which 
may  solve  the  problem.  In  the  Interim,  we  don't  see  any  purpose 
In  having  Service  Construction  check  the  system.  On  the  other 
'hand,  we  prefer  not  to  release  them  until  the  system  functions 
correctly,  as  It  did  prior  to  the  rewiring  necessitaTed  by  the 
move. 


While  the  sxtensometer  system  has  proved  somewhat  ’’temperamental " 
with  reference  to  electrical  surges,  etc.,  we  believe  that  it  has 
been  of  utmost  value  during  the  reconstruction.  If  nothing  else. 


25lh  Anniversoiy 
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It  permlited  us  to  "feel  couf C/rtablu"  with  reference  to 

\ 

stability  during  Installation  and  tensioning  of  the  tendons. 

Now  that  tnls  reconstruction  effort,  which  at  least  skirted 

ihe  frlnpas  of  the  state  of  the  art.  Is  compleib,  we  recommend 

that  the  system  continue  to  be  monitored,  recorded,  and 

assessed  on  a  dally  basis  for  perhaps  a  year.  If  you  wish,  we 

will  continue  to  utilize  the  remote  terminal  to  record  several 

readings  dally  via  the  data  line.  These  data  will  continue  to  * 

be  plotted  In  the  permanent  record.  Incidentally  these  latter 

records  row  comprise  several  rolls  of  drawings.  At  some  point 

we  expect  to  ce liver  all  of  these  to  you  for  your  flies. 

Further,  continuing  monitoring  will  entail  our  maintaining  the 
system  Ir  working  order,  as  well  as  In  occasionally  visiting 
the  site  In  order  to  make  mechanical  readings  of  the- extenso- 
meters  which  are  used  to  verify  the  accuracy  of  the  electronic 
system.  As  usual,  we  will  charge  for  our  services  based  on  the 
time  utl'lzed  for  various  skill  levels.  Will  you  wish  us  to 
continue  to  bill  through  Chester  Engineers,  or  bill  the»Depart- 
ment  directly? 


Metropolitan  Government  of  Nashville 
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Additionally,  we  think  it  pertinent  iu  provide  your  on-s»ite 
personnel  with  a  brief,  simple  orientation  as  to  what  their 
duties  are  »n  reference  to  the  system  and  the  terminal  monitor 
In  particular.  Owing  to  the  rotation  of  shifts.  It  will 
probably  be  necessary  for  us  to  go  over  this  with  them  on  a 
more  or  less  Individual  basis.  Perhaps  Mr.  Williams  will  tell 
us  how  he'd  like  to  go  about  this  aspect. 

Finally,  before  long  we  expect  to  provide  drawings  pertaining 
to  the  as~bul(t  retention  system.  Obviously,  these  need  to 
go  into  your  permanent  files.  If  you  wish  us  to  provide 
Chester  Engineers  with  a  set,  please  notify  us. 

At  your  convenience,  we  can  discuss  any  aspects  of  these  matters. 

Yours  very  truly, 

GEOLOGIC  ASSOCIATES,  INC. 

^R.  T.  Throckmorton,  Jr. 


RTT/sIt 


October  28,  1977 


'  « 


Ref.  No.  0698 


Hardavay  Construction  Company,  Inc. 
61S  Main  Street 
P.  0.  Box  60464 
Nashville,  Tennessee  37206 


Attention:  Mr.  Martin  0.  Keenan 

R<>:  8th  Avenue  SO  MG  Reservoir 
Project  Np.  76-WC-47A 


tm  a 

itr:£i22  mi,  • 


Gentlemen: 

We  have  reviewed  the  letters  of  Geologic  Associates,  Inc. 

regarding  repairs  to  this  station  dated  October  24,  1977, 

and  also  a  copy  of  the  letter  from  Stressteel  Company  to  / 

your  office  dated  October  17,  1977,  which  summarizes  and 

discusses  the  conclusions  which  were  reached  in  this  office 

at  a  meeting  with  the  Stressteel  people  on  October  13,  1977, 

and  later  confirmed  by  telephone  conversation  with  ' 

Ray  Throckmorton  of  Geologic  Associates  Inc. 


The  contents  of  these  letters  verify  the  discussions  and 
decisions  which  were  reached  in  the  above  meetings  and 
conversations  And  also  verify  the  fact  that  verbal 
approval  to  proceed  with  the  action  designated  is  hereby 
confirmed. 


Very  truly  yours, 

THE  CHESTER  ENGINEERS 


fiRBW/aed 

cc:  R.  Duncan  > 

K.  Harrington 
T.  Soster 
R.  Throckmorton 


R.  B.  Washburn 


/////?  7  —  C*f>y  £ 
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(61 S)  242-9692 


HARDAWAY  coisirbctior  nmput,  ins 

616  MAIN  STREET/P.O.  BOX  60464/NASHVIU.E.  TENNESSEE/ 37206 


October  4,  is;' 7 


The  Chester  Engineers 
645  Fourth  Avenue  • 

Coraopolis,  Pennsylvania  15108 

Attention:  Nr.  Ray  Washburn 

'  Re:  8th  Avenue  50  MG  Reservoir 
Project  No.  76NC47A 

Dear  Nr.  Washburn: 

The  purpose  of  this  letter  is  to  reconfirm  the  decision  points  reached  at  the 
conclusion  of  a  Meeting  held  last  Thursday,  October  13,  1977,  in  your  office 
with  Nr.  Ronald  J.  Bonomo  of  Stressteel  Corporation,  Nr.  Ed  Weinheiner, 

Nr.  Too  Chin  and  yourself.  As  Nr.  Bonoao  represent  at  ed  our  concern  at  that 
■eating  he  has  transnitted  infonaation  concerning  the  decisions  reached  and 
as  discussed  herein.  We  also  wish  to  recomend  the  course  of  action  developed 
at  that  aeeting  as  the  solution  to  discrepancies  which  have-  occurred  during 
the  stressing  of  seven  each  tendons  at  the  above  referenced  project. 


For  those  tendons  which  apparently  have  failed  in  the  anchor  tone  for  reasons 
which  are  unable  to  be  determined  at  the  present  tine  we  recomend  the  following 
Sfction:  '~~Z,  ' 


A. 


Increase  the  anchor^jforce  in  the  two  is 
to  0.7f's  or  222.6  kips. 


sediately  adjacent  tendons 


B.  Abandon  the  tendon  which  has  failed.  Since  the  two  tendons  in  question 
which  fall  in  this  category  are  at  station  1*80  and  3*77.5  tendons  at 
station  1-72.5,  1*87.5,  3*70  and  3*85  will  be  stressed  and  anchored 
at  222.6  kips.  The  tendons  at  1*80  and  3*77.5  will  be  abandoned.  The 
tendon  at  1*37.5  is  one  which  evidenced  a  blockage  coupler  shield. 

That  blockage  has  been  removed  and  will  now  be  loaded  as  indicated 
.  above . 


For  those  tendons  which  indicated  a  blockage  of  the  coupler  shield  at  stations 
1*9S,  2*10,  2*17.5  and  2*22.5  the  following  course  of  action  is  recomended; 


,  .COMMERCIAL  /  INDUSTRIAL  /  UTILITIES 


Th«  Chester  Engineers 
Attn:  Mr.  Washburn 
October  20,  1977 

Page  2  of  2 


A.  Tension  the  rock  anchor  to  a  working  load  of  160  kips. 

B.  Continue  with  tensioning  for  the  additional  strain  to  compensate 
for  wedge  seating  loss. 

C.  Seat  the  wedges.  This  action  will  result  in  these  tendons  being 
ancho'.red  at  the  working  force  prescribed  by  the  contract  specifications. 

Your  1— odlato  review  and  response  to  these  reco— i endations  will  be  greatly 
appreciated.  * 

Very  truly  yours, 

HARDAWAY  CONSTRUCTION  COMPANY,  INC. 


Project  Manager 
Construction  Group  I 

MOK/dg 

cc:  Mr.  R.  D.  Duncan  *  Chester  Engineers 

Mr.  R.  T.  Throckmorton  -  Geologic  Associates 
Mr.  R.  J.  Bnnoao  -Stressteel  Corporation 
Mr.  B.  D.  Grover 


Pile:  1179-08-00-04 
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THE  CHESTER  ENGINEERS  ^ 


December  6(  1978 

/fr*  t  ^ 

Heff.  So.  SS8-SSA  :  '  • 


ET?; 

’  i 1 

Mr.  X.R.  Barrington,  Director  nr  n  „  ,A_rt 

Metropolitan  Department  o f  Mater  '  :  9'8 

and  Sewerage  Service*  *  ........ 

M01  ttahlaan  Building 

-Maahville,  Tennaaaee  37201  ^  ■  c 

Dear  Mr.  Harrington t 

Project  no.  76-MC-47 

Mth  Ave.  Reservoir  ( Instrumentation  t  Monitoring] 

Reference  ia  made  to  Geologic  Aaaociatea1  letter  to  you,  dated 
Mevsntiar  2t,  1970,  concerning  the  continuation  of  monitoring  of 
tha  eubject  inatronentation  ayatee. 

Wm  concur  in  the  acope  of  the  contract  as  described  in  the  letter, 
«aad  reore— and  that  the  Metropolitan  Government  enter  into  such  a 
ex— tract.  Me  do  note,  however,  that  the  applicable  unit  prices  in 
'the  fee  schedule  are  approximately  43%  higher  than  the  ssmmi  - 
-Meologic  Associates  used  on  the  original  reservoir  work. 

Please  feel  free  to  call  on  us  if  we  can  he  of  additional  assistance. 

Sincerely  yours, 

f 

r,  me. 


Richard  D.  Duncan,  P.S. 
Director,  Nashville  Office 


SOD/ je 

esc*  T.C.S. ,  Pittsburgh 
Rene) 


J&y//  f  $*-<*&d*  +9 


iC  Associates,  Inc.  GtaoGisrs  and enoneers 
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Metropolitan  Government  of 

Nashville  and  Oavldson  County 
Department  of  Meter  and  Sewerage  Services 
Stahl man  Building 
Nashville,  IN  37201 

Attention:  Mr.  K.  R.  Harrington,  Jr.,  Director 


gSBKjg; 

NOV  2  9  1 978 

®!*r  *  ip'-i 

1— »/.!?.  Ter:?;?!2  3/2:11 


Gentlemen: 


Ra:  Continuation  of  Monitoring 
of  Instrumentation 
eighth  Avenue  Reservoir 
Nashville,  Tennessee 


With  reference  to  the  ate**  and  our  varloua  conversations  regarding  it, 
we  herewith  submit  our  proposal. 


Wa  have  delayed  submitting  a  proposal  until  we  oould  evaluate  a  couple 
of  months  of  poet-reconstruction  operations  In  order  to  see  what  may  be 
required. 

Initially,  u-on  installation  of  the  system  and  throughout  the  recon¬ 
struction;  wa  not  only  kept  voluminous  records,  but  spent  a  good  deal  of 
effort  In  tabulating  and  plotting  the  data.  This  effort  was  valuable  In 


aiding  ua  In  our 


of  the  safety  of  the  operation.  The  time 


consumed  by  draftsman  won  expensive,  also. 


GA 

25th  Anniversory 
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Mr.  K.  R.  Harrington,  Jr 
Pag*  Two 

November  28,  1978 


In  the  light  of  the  apparently  "nominal”  currant  performance  of  the 

* 

reservoir,  tea  now  recommend  that  regular  monitoring  continue,  but  that 
the  complex  "tabulation  of  data  be  kept  to  a  minimum.  Wo  expect  to 
retain  the  printed  tape*  of  the  readings  which  are  made  several  times 
dally  and  to  tabulate  the  readings  for  ready  reference.  However,  the 
plotting,  which  Is  moat  time  consuming,  has  been  discontinued;  It  can  be 
done  at  any  time  If  necessary.  Further,  obviously,  a  complex  monitoring 
system  such  as  this  will  require  some  >■  Inference*.  We  hove  already 
had  to  work  on  one  of  the  aenaore  In  an  attaayt  to  overcome  acme  erratic 
readings. 

Therefore,  In  light  of  the  foregoing  we  set  I  mate  that  the  cost  of  our 
services  will  average  about  $800  per  month;  however,  you  will  be  billed 
only  for  the  anount  of  time  actually  spent*  If  this  proposal  Is  acceptable, 
please  Issue  «n  agreement  of  whatever  sort  Is  appropriate  based  on  the 
applicable  unit  prCcee  In  the  enclosed  currant  fee  schedule.  Paren¬ 
thetical  ly,  total  chargee  for  Nnw saber  are  $484. 


Hr.  K.  R.  Herrington,  Jr. 
Pag*  Throe 
November  28,  1978 


We  appreciate  -Mils  opportunity  ta  bo  of  continuing  aorvlc*. 

Yours  vary  truly, 
GEOLOGIC  AS80CIA‘.F.C,  INC. 

R*  T.  Throe  tanor ton,  Jr. 


RTT/mr 

Encloauroi  Fa*  Schadula 


ic  Associates;  Inc.  GEaoasrs ANO engineers 


Metropolitan  Government  of 

Nashvl I !e  and  Davidson  County 
Department  of  Water  and  Sewerage  Sarvicr-s 
Stah Iman  Bui Iding 
Nashville,  TN  37201 

Attention:  Mr.  Lester  Wi 1 1  lams 

Gent lemen: 


Re:  Monitoring, 

Eighth  Avenue  Reservoir 


FEB  27  1980 
MOMPOiUAN  Of  N1  Of 

SAM  S  Sf.r',,r  f  mi S 

fa  •«  **  zTK 


fo<*~ 


We  have  now  completed  another  year  of  monitoring  the  extensometer 
system  at  this  facility. 


In  the  light  cf  the  continuing  satisfactory  operation  of  the  reservoir, 
we  recommend  that  our  contract  be  terminated  and  that  regularly 
scheduled  monitoring  cease. 


If  you  wish,  we  can  remove  and  store  the  master  terminal  console  and 
the  accessory  monitoring  components  for  future  use  or  sale.  We  point 
out  that  after  the  master  terminal  Is  removed,  the  extensometers  can 
be  monitored  on  an  individual  basis  with  the  portable  read-out, 
should  the  need  arise.  We  will  await  your  Instructions. 


We  appreciate  our  participation  In  this  project  and  look  forward  to  many 
more  years  of  service  as  your  geotechnical  consultants. 


Cordially, 

GEOLOGIC  ASSOCIATES,  INC. 


RTT/mr 


PO  Box  668  •  Franklin.  TN  37064  •  (616)  794  3696 
Franklin  -  Knoxville  -  Kingsport.  TN 


GA 

Founded  1953 


By  Max  York 

J^irkpa  trick  Hill  is  green  and  quiet 

Signs  warn  visitors  they  are  net  wel¬ 
come.  But  if  you  are  old  enougn  to 
remember,  you  have  earned  the  tight  to 
ignore  signs,  at  least  for  a  quick  walk  up 
a  hill. 

Horace  Hime  walks  close  enough  to  see 
that  his  memories  aren’t  playing  tricks 
on  him.  The  signs  of  the  violence  of  that 
night  are  there.  There  is  a  section  of  the 
east  wall  of  the  reservoir  in  which  the 
stonework  does  not  match  the  res!  of  the 
structure. 

“Our  back  yard  was  over  there,”  he 
says,  pointing  to  a  fenced  in  area  behind 
an  office  building  on  the  downtown  side 
of  the  reservoir  on  Eighth  Avenue.  “Our 
house  was  where  that  building  is  now. 

“Down  there  where  the  liquor  store  is, 
there  was  a  grocery  store.  Across  the 
street  there  where  the  swim  place  ir.  now, 
there  was  a  Methodist  Church  in  that 
same  building.  The  rest  of  the  street  held 
nice,  neat  houses  ” 

It  was  a  good  place  to  live.  He  and  his 
twin  brother.  Hardin,  walked  to  Fall 
School  down  the  street,  passing  a 
serie;  <>•  billboards  on  the  way. 

"We  were  seven  years  old,”  he  says. 
“You  started  school  at  seven  then.” 

The  school  building  still  stancs.  At 
least  that  hasn’t  changed.  It  no  longer  is 
a  school,  but  it’s  there. 

Some  time  after  that  night,  Edwin  and 
Ada  Hime  took  Horace  and  his  six 
brothers  and  moved  to  another  neigh 
borhood,  on  Uth  Avenue  South. 

He  went  to  Clemmons  School  When  he 
was 22  and  a  photographer,  Horace  Hime 
went  away  to  Chicago  and  shot  photo 
graphs  for  ads  that  would  appear  in  such 
magazines  as  Life,  Liberty,  Look  and  the 
Saturday  Evening  Post  He  was  ir.  Chi¬ 
cago  for  half  a  century 
“1  came  back  last  May,”  he  says. 

His  third  day  home  he  had  a  heart 
attack  He  has  been  a  heart  patient  since. 
But  there  has  bee.;  time  to  look  uj  old 
friends. 

“As  far  as  I  can  tell,  there  isn't  another 
person  except  for  my  twin  brother,  siill 
alive  who  lived  on  that  street  that  nigat 
If  there  are,  they  would  have  to  have 
been  children  not  much  older  than  we 
were.” 

Even  among  the  friends  he  knew  in 
high  school,  his  calls  found  mostly 
widows. 

If  there  are  others,  it  is  doubtful  they 
have  forgotten  that  night. 

It  came  after  a  night  of  campaign 
rallies.  The  nation  was  destined  to  ga  to 
the  polls  in  the  daylight  hours  of  that  day, 
November  5,  1912,  and  elect  Woodrow 
Wilson  president  of  the  United  States 
But  at  that  hour,  there  was  darkness 
Any  person  who  wasn't  home  in  bed  at  10 
minutes  past  midnight  certainly  was  up 
to  no  good  One  man  coming  home  ab  nit 
It  o'clock  later  recalled  he  thowht  <» 
heard  t  trickle  of  water  He  conifer  ed 


telling  the  watchman  at  the  reservoir. 
Instead,  he  went  to  bed 

Horace  Hime  was  in  bed  and  had  been 
for  a  long  time 

“I  had  never  heard  a  tornado,”  Hime 
says.  “I  still  haven't.  But  I  imagine  that 
is  what  a  tornado  sounds  like.  There  was 
a  terrible  roar.  We  ail  ran  out  on  the 
porch. 

“I  remember  I  was  in  ray  night 
clothes.  They  were  something  like  long 
johns.  You  stepped  into  them  and  they 
covered  you  from  your  rieck  t;»  your  fee; 
They  were  made  of  flannel.  I  wasn't 
cold. 

' ‘There  was  a  river  of  water.  It  must 
have  been  nine  feet  deep,  and  it  was 
going  right  by  the  house  The  road 
leading  up  to  the  reservoir  was  right  next 
to  our  house.  The  road  was  cut  deep  into 
the  hill .  The  water  was  rushing  down  tha  t 
road.  We  were  up  high  So  we  were 
safe.” 

Hime  remembers  he  wasn't  afraid 
Looking  back,  he  imagines  his 
parents  and  hu  older  brothers  must  have 
been. 

“At  seven  years  of  age,  it  was  all 
exciting,”  he  says.  “I  was  getting  a  big 
kick  out  of  it.  I'm  sutc  the  older  ones 
realized  the  seriousness  of  it. 

"There  was  no  thought  of  running 
away.  There  was  no  place  to  go.  We  were 
just  fortunate  that  road  bed  was  so 
deep.” 

Others  were  not  so  fortunate.  The  man 
who  came  and  heard  the  trickle  of  water. 


Hillman  Cheatham,  later  told  reporters 
he  had  just  gotten  into  bed  when  he  heard 
a  deafening  crash  Then  came  the  water 
It  slammed  into  the  house  and  came 
inside  but  did  little  damage  A  horse  and 
buggy  were  swept  from  his  barn.  He 
lived  at  '506  Eighth  Ave  S 

At  :Hr2.  T.M.  Heffrey  and  his  wife  and 
cnild  were  swept  from  their  house,  float 
ingor.  their  bed.  At  1504,  W  O  Arzinger 
vent  to  see  what  was  going  on  and  was 
k  j.l.t  j  down  by  the  water  before  he 
eould  get  to  the  door 

\  'org  Eighth  Avcnu.  ur.don  Lynw  « d 

houses  were  being  swept  from  their 
foundation.  The  water  swept  even  thing 
in  its  path.  Stones  from  the  reservoir 
some  weighing  tons,  were  washed  onto 
both  streets. 

Firemen  came  to  rescue  people  from 
the  water.  Despite  the  late  hour,  hun 
drods  nr  people  wanted  tc  do  what  they 
c«n..l  '<>■  .-ir  neighbors  They  searched 
for  oodics ,  .00,  knowing  hat  night  must 
hnve  held  death. 

"1  had  forgotten  until  my  brother 
reminded  me,”  Hime  says,  "but  a  little 
later  one  of  our  paren's,  he  seems  to 
think  it  was  our  mother,  took  us  around 
the  back  way  up  to  the  house  up  on  the 
reservoir’s  west  side.  Our  parent  banged 
on  the  door.  The  man  came  to  the  door 
and  was  told  that  the  reservoir  had 
broken  He  went  away  and  came  back 
and  said,  ‘My  God!  You’re  right!’ 

“It  was  quite  a  shock.  The  reservoir 
ha>  two  sections  The  east  section  had 
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EIGHTH  .AVENUE 
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When  fhis  wos  taken  in  1913,  repair  work 
was  unjerway 

broken.  The  west  section  was  still  hold 
ingfine.’’ 

The  watchmen  on  duty,  M  Sinnot  and 
Ben  Hall  had  a  different  story  for  report 
ere.  They  said  they  heard  the  ctash  and 
ran  out  of  the  office  and  saw  the  water 
level  falling  rapidly 

The  break  had  spilled  25  million  gal 
Ions  of  water  But  the  other  half  of  the 
reservoir  hod  an  equal  amount,  enough 
water  to  l..st  the  city  for  four  days. 

The  ,t  uay  an  estimated  25,000  peo¬ 
ple  a  o  see  the  destruction.  Dead 
chickens,  clothing,  furniture  and  debris 
were  everywhere. 

“1  remember  going  out  the  next  morn¬ 
ing,''  Hime  says.  “There  were  a  lot  of 
people  in  the  street  and  in  the  areas 
where  the  houses  had  been  destroyed, 
but  there  weren’t  many  people  up  by  the 
reservoir  " 


The  thing  he  remembers  most  about 
that  day  is  the  kind  of  thing  a  boy  of 
seven  would  find  most  important 
“There  were  large  puddles  of  water 
the  next  morning,”  Hime  says  “They 
must  have  been  25  or  30  feet  from  the 
reservoir  wall.  Most  of  the  rest  of  the 
water  was  gone  These  puddles  were  full 
of  catfish. 

“They  were  flopping  around.  Nobody 
was  paying  any  attention  to  them  “ 
Looking  back  with  a  hoy's  eyes,  thr 
fish  were  about  18  inches  long  and  wider 
than  a  man’s  hands  and  there  were  a 
of  them 

“That  was  the  first  time  1  knew  there 
were  fish  in  the  reservoir.  1  don’t  know 
how  they  got  there.  I’ve  heard  there  still 
are  some  in  there.  I  don't  know  what 
happened  to  those  fish  that  day.  They 
were  still  there  when  1  left.  I  imagine 
they  ended  up  on  somebody’s  supper 
table." 

The  crowds  were  enormous.  Eighth 
Avenue  was  littered  with  huge  rocks ,  soil 
and  debris. 

“The  streetcar  from  downtown  ran 
only  as  far  as  the  reservoir,”  Hime 
remembers  “People  going  on  out  would 
have  to  get  off,  waik  three  blocks  and 
catch  another  car  that  would  turn  up  at 
Douglas  Corner  and  go  over  to  Tenth  Av¬ 
enue.” 

Some  of  the  boys  in  the  neighborhood 
took  a  piece  of  the  uprooted  street  car 
track  and  put  it  on  somebody’s  front 
porch,  Hime  says  It  also  was  a  time  for 
boyish  pranks 


The  cleanup  went  on  for  some  time 
"The  dirt  and  stone  were  at  least  three 
feet  deep  in  the  street,’  he  soys 
‘  The  next  day  a  photographer  from 
Wiles  Studio  was  back  oul  there  selling 
eight  by  ten  photographs  taken  the  day 
before  It  was  a  real  mess  in  that  neigh 
borhood." 

There  was  much  destruction,  but  for¬ 
tunately  nobody  was  killed  That  was 
something  of  a  miracle  In  fact,  nobody 
was  seriously  hurt. 

The  old  reservoir  still  serves  Nash 
'•’ill"  Fveppe  for  tha>  erne  night,  it  has 
served  the  city  well  since  1889,  the  year  n 
was  completed  on  the  hill  that  was  the 
site  of  Fort  Casino,  a  federal  stronghold 
during  the  Civil  War 
The  reservoir  now  is  covered  witti  a 
nylon  tarpaulin  Nobody  considered  it 
unsafe,  but  in  recent  years,  engineers 
liegan  a  project  to  anchor  the  limestone 
.i : ,  •<  solid  rock  It  has  never  been 

safer. 

It's  place  in  history  is  assured,  too 
Recently  the  reservoir  was  added  to  the 
list  of  the  National  Register  of  Historic 
Places. 

‘We  were  just  fortunate  that  road  was 
cut  deep  in  that  hill,"  Hime  says  If  it 
hadn’t  been,  I  might  not  be  here  ' 
There  is  little  of  Nashville  that  re 
minds  him  of  the  city  he  knew  as  a  boy. 
but  the  hill  and  the  reservoir  do 
“Those  stone  gateposts  there  at  the 
entrance  were  here  back  then,’  he  re 
members.  “I  used  to  play  all  over  that 
hill  " 
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Ringwall  and  tendons  halt  leaks 
in  90-year-old  landmark  reservoir 


^-Nashville’s  hisioric  si  one  wall  reservoir  is 
gening  a  new  lease  on  life  wilh  the 
installation  of  a  ringwall  and  tendon 
system  to  bring  the  strueture  up  to 
modern  safety  standards  A  national 
waterworks  landmark,  the  'Nl-year-nld 
teservoir  has  hern  plagued  by  ret  in  ting 
leaks  ami  was  the  victim  of  a  tn.ijm  wall 
failure  in  1  ‘>1 2  (KNClNF.F.RiNt.  nkws 
11/14/12  p.  92  >). 

A  leak  detected  in  one  of  the  reservoir’s 
two  25-million-gal  basins  alte>  a  refur¬ 
bishing  in  1975,  which  included  the  addi¬ 
tion  of  a  floating  vinyl  cover  to  comply 
with  U.S.  Environmental  Protection 
\gent  v  < t.l* \ >  slaml.utls,  l:xl  Nashville 
i  lluials  to  hire  (icologic  Associates,  Inc. 
(t; a),  Franklin,  Term.,  to  appraise  the 
sirtietural  stability  of  the  wall:. 

Initial  explorations  in  the  area  of  the 
Irak  indicated  that  subsurface  materials 
around  the  reservoir  were  ol  poor  quality 
and  that  “the  wall  undoubtably  exists  in  a 
I  nefarious  stale  of  stability,”  says  Ray¬ 
mond  T.  Throckmorton,  a  partner  in 
c.  a. 

The  consultant  also  found  that  two 
inactive  faults  pass  under  the  reservoir. 
I  he  larger  one  exits  the  reservoir  near 
the  area  of  the  1912  failure  and  the  worst 
leaks  of  197.5. 

Etrtsnalv*  monitoring.  Mindful  of  the 
earlier  wall  failure,  the  age  of  the  strue- 
tiii  e  and  a  lack  of  original  building  plans, 
ha’s  crews  approached  toe  reservoir 


I  limit  li*  i|»|  »i  .ovc  the  -'.rhiliti  lit  \  i -In  iIIi’n 
•  ‘III  .1.1111  11  ill  n  M  hull  .  rl(HOl  il  till! 

K.iudoimI  I  I  ill <M  klllnl  lull  ol  (  (CollIgM  Asso¬ 
ciates  become  a  historian 

Armed  wiih  the  original  design  drawings 
and  project  engineers  notes  and  drawings 
(mm  the  an hives  of  Chester  l.ngtmcrs  on 
some  additional  repairs  made  in  1920, 
Throckmorton  still  had  nothing  to  indicate  the 
extent  to  which  actual  construction  followed 
the  design 

Vlllioogh  he  Hiunthled  on  ihc  references  In 
H.mimr.f.MNii  NF.ws  -  which  merged  with  KN- 
inNf.KRINi.  gKogn  in  1917  and  licrame 
F.NR  -  late  in  the  game,  “They  were  invalua- 
lilr  in  helping  us  understand  vital  had  been 
done  in  ihr  reconstruction  process,"  says 
Throckmorton 

Throckmorton  used  four  ar.irles  from 
F.NGINKKRINr;  NF.ws.  t  he  first,  published  in 
June.  I 888,  detailed  the  reservnir  construction 


cauiiously  in  their  early  explorations  and 
studies.  To  check  on  movement  within 
the  walls  and  underlying  bedrock,  20 
extensometers,  or  stress  gages,  were  driv¬ 
en  into  the  wall  and  70  fi  into  the 
bedrock.  The  monitoring  system  will 
i rmain  in  plate  after  repairs  arr 
completed 

“As  far  ;;s  we  know,  no  one  has  a  vet  y 
good  handle  on  how  far  [the  wall]  could 
move  before  it  laded.  We  think  it  would 
move  a  good  deal  and  then  gr.  with  a 
snap,”  warns  Throckmorton. 

Assessing  seismic  risks  is  also  difficult. 
In  one  report  to  city  and  county  officials, 
Thtockmorton  notes  llt.il  Nashville  sits  in 
a  Zone  I  seismic  risk  area  anti  is  sand¬ 
wiched  by  Zone  2  contours  (Zone  0  being 
the  lowest  seismic  risk  and  Zone  3  the 
highest). 

Enlargement  and  reconstruction  of  the 
structure  was  not  feasible  because  it 
would  mean  taking  the  reservoir  out  of 
service.  The  eventual  choice  was  a  ring- 
wall  to  girdle  most  of  the  reservoir  and 
post -tensioning  tendons  for  stability. 

The  8-ft-high,  3-ft-thick  reinforced 
concrete  ringwall  is  wrapped  around  the 
base  of  the  reservoir.  Two  1  Vtt-in.  steel 
tendons  are  inserted  through  the  ringwall 
anti  the  reservoir  wall  into  the  bedrock  at 
a  45  deg  angle  at  226  points  around  the 
wall  Spacing  ranges  from  .5  to  7.5  It 
depending  on  ringwall  construction  joints. 
Depth- of  the  tendon  anchors  ranges  from 


I'M  2.  I'M  i  .nut  I’M",  flcMtilic'l  the  u. ill 
l.iilurc  .inti  uncMil  die  ret  ■  him  ruction. 

Ills  detective  work  disclosed  that  “numcr- 
otts  30-lt  railroad  rails”  had  gone  into  a 
buttress  built  as  part  of  the  wall  repairs  in  th  ■ 
failed  section.  The  rails  would  have  been  a 
mystery  without  the  knwini.f.rinc  nkws 
articles.  Acquaintance  with  their  general  loca¬ 
tion  and  purpose  permitted  those  doing 
(tirreni  remedial  work  to  accurately  predict 
their  location  and  miss  tlient  wilh  the  tendon 
holes,  says  Throckmorton 

Throckmorton  also  tracked  down  several 
photographs  of  the  1912  failure  F.n  large - 
ntents  showed  large  portions  ol  the  failed  wall 
remained  intact .  leading  the  consultant  to 
conclude  they  slid  outward  because  of  pom 
foundation  materials,  the  same  conclusion 
reached  in  1912  and  reported  in  KNGINKF.R 
INC,  NF.WS. 


Earn  alrassad  through  ringwall  into  rock 


5  to  7.5  ft  depending  on  umstr  i<  lion 
joints.  Depth  of  the  tendon  am  Imrs 

I  ■>)(•<  s  III  III!  .'II  III  Vi  I  I  lb  j  ’  '  '  •  -I 
ICIMIOIIS  IS  s'lC-Mtl  to  2  i'UMMI  III  a  •  1 1 1  . 
of  liar  tensile  strength,  In  lore  I  in.  1 1  stress¬ 
ing  at  roughly  1  (>9,000  lb. 

A  122-ft  section  repaired  .tint  the 
1912  break  and  a  55-ft  section  Mirngtli- 
ened  in  192)  were  omitted  liot.i  the 
repairs. 

The  ringwall  and  tendon  sysii  n.  un¬ 
designed  by  Chester  Engineers.  •  nr.in- 
|>olis,  Pa.,  consultant  for  Nisi  lie’* 
waterworks  for  more  than  ‘til  ii- 
Repairs  were  are  being  done  in  ll.cti  i- 
way  Const  no  lion  Co,  Inc.,  N’.tsl  i  He. 
under  a  $67*1,500  contract.  Work  ulu  h 
began  in  May.  1*)77,  is  expected  m  n 
completed  this  month 

Additional  temrdial  tepairs  writ  un¬ 
dertaken  to  walerprool  the  reset i«hi  . 
basins  to  halt  further  seepage  and  th  mi. 
ration  of  subsurface  soils  While  ..v  J 
million-gal  basin  continued  opera  oil.  Hi 
other  was  drained  and  cleaned  I  lie  lloat  - 
ing  vinyl  cover  was  recul,  cleaned  .tint 
•  ottverled  to  Inters  to  .trrcimpbsli  the 
ti. ltd  | m i u *t 1 1 ■ 

I  be  ICSltSmt  t-  null  nils  m.1  ■  Ittl'g 
without  covers  undci  a  i.ui.uur  gt  nurd 
In  Kt’A  until  tepairs  ate  done.  I  lie  cllipti- 
c.il-50-millino-gal  rrservuii  was  imu- 
picled  in  1889  (|.M,|\|  i.kim,  MU' 
(>/  If)/  1888  p  484)  and  has  a  mat"'  avis 
nl  603  It  and  a  minor  axis  ol  1 1 » i  Ii  I  lie 
1,8*7  ft  circumference  tv  <m\Mimt<<l 
stone  masonry  walls  aliout  14  Ii  high  2  ■ 

II  wide  at  the  base  and  8  Ii  wide  mi  top 

On  Nov  4.  1912,  after  lestdeu1*  .  i  the 

area  tomplamcil  to  cm  olluials  alien 
leakage,  a  I  Ml-lt  set  turn  ol  is  all  slut  . . I *> ,i i , 
30  ft  oil  ils  louuiiatioii.  tausittg  i  xi.  tisiu 
property  damage  but  nu  loss  ol  lilc  It  is  .> 
repaired  at  a  tost  ol  over  SIOIIIlii'i  .uni 
teitirited  to  service  in  |9|4  ffm.imir 
INt.  Nl.ws  1/  16/  13  p  J7H  and  5- lti  i 
p  849).  ^ 
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